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Kennedy/Jenks Consultants 

1.0 INTRODUCTION 

This report describes findings associated with the Phase I Groundwater 

Investigation conducted as part of the South Tacoma Field (STF) Remedial 

Investigation. The STF site, located in Tacoma, Washington, is an industrial 

property approximately 260 acres in size. The site is in western Washington State 

(Figure G-1) in the southwestern section of the City of Tacoma (Figure G-2). 

Currently, the STF site is largely vacant with some remnant structures and recently 

constructed industrial buildings. 

On 23 November 1981, the U.S. Environmental Protection Agency (EPA) published 

an "interim priority list" of 11 5 top priority hazardous waste sites targeted for 

action under the Comprehensive Environmental Response, Compensation, and 

Liability Act of 1980 (CERCLA). The STF site was listed on the initial National 

Priorities List (NPL) as a portion of the Commencement Bay-South Tacoma Channel 

site. On 30 December 1982, EPA proposed modifications to the NPL. The list 

increased to 418 sites and the Commencement Bay-South Tacoma Channel site 

was divided into four separate sites: the Deepwater, the Nearshore, the Tideflats 

Industrial, and the South Tacoma Channel. On 8 September 1983 (48 FR 40658), 

the South Tacoma Channel site was further divided into separate operable units 

(e.g., STF, Tacoma Well 12-A, Tacoma Landfill) with unique NPL site numbers 

(Bennett, D., 3 January 1992, personal communication). 

On 12 October 1990, EPA and the potentially responsible parties (PRPs) signed an 

Administrative Order on Consent (Consent Order) for the STF site. The Consent 

Order, among other requirements, directed that a remedial investigation be conduct

ed to determine the nature and extent of environmental contamination by hazardous 

substances at the STF site. 
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Kennedy/Jenks Consultants 

RECOMMENDATION 

Based on the results of the Phase I Groundwater Investigation and the Phase I Soil 

Investigation, the following recommendation is proposed for further groundwater 

investigations at the STF site: 

• Abandon monitoring well CBS-SA in the Former Swamp/Lakebed area. 

Analytical constituents detected in groundwater samples collected from 

CBS-SA may be attributed to surface water infiltration through the surface 

housing or well seal. 
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NMW-1 A at Pioneer Builders Supply contained the highest concentrations of voes 

detected during this investigation. Low concentrations of voes (usually less than 

10 µg/L) were detected in some onsite wells in the south-central portion of the site. 

Low concentrations of voes were also detected in offsite and upgradient wells 

TL-12A and CBS-1 0A and in background wells TL-16A and WCC-2. Concentra

tions of ethyl benzene in groundwater samples collected from one onsite well 

exceeded the existing MCL during one quarter. Concentrations of benzene and 

1 , 1 ,2-trichloroethane each exceeded the existing or proposed MCL in one onsite 

monitoring well. However, comparisons of sample results from the remaining 

monitoring wells to these MCLs were not possible because the detection limits 

exceeded the MCLs for those compounds. Similarly, comparisons of groundwater 

results from onsite wells with existing and proposed MCLGs for other VOCs was 

often not possible because the detection limits usually exceeded the MCLGs. 

Concentrations of toluene, ethyl benzene, and xylene exceeded the proposed 

SMCLs in one well, NMW-1A, during all four quarters. 

A few semivolatile organic compounds were detected in two onsite wells (NMW-1 A 

and CBS-SA) during the second, third, and fourth quarters; and in NMW-2A during 

the fourth quarter. Semivolatiles were detected in one off site and upgradient well 

during the second and fourth quarters. Semivolatiles were detected in one back

ground well during the fourth quarter. Concentrations of bis(2)ethylhexylphthalate 

exceeded the proposed MCLG of 0 in one onsite well during the third quarter and in 

three onsite wells during the fourth quarter. Comparisons of the remaining results 

for bis(2)ethylhexylphthalate were not possible because the detection limit 

exceeded the MCL of 4 µg/L and the MCLG of 0. 

Pesticides and PCBs were not detected in groundwater samples collected from 

onsite, background, or upgradient wells during this investigation. 
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Arsenic and nickel concentrations each exceeded Federal regulatory criteria [exist

ing and proposed Maximum Contaminant Levels (MC Ls), respectively] in one onsite 

monitoring well during this investigation (for a total of two wells). Lead concentra

tions detected in one additional well exceeded the existing Action Level (AL) of 

15 µg/L and the MCL of 50 µg/L. Nickel and lead concentrations detected in 

samples collected from onsite wells also exceeded the proposed and existing 

Maximum Contaminant Level Goals (MCLGs). Comparison of other detected 

inorganic concentrations to MCLGs is not possible because the detection limits 

exceeded the regulatory criteria. Iron, manganese, and aluminum concentrations 

exceeded Secondary Maximum Contaminant Levels (SMCLs) in approximately one

half the onsite monitoring wells. 

ORGANIC ANALYTICAL RESULTS 

PAHs were detected in groundwater samples collected from nine onsite monitoring 

wells during this investigation. However, in seven of these nine wells, anthracene 

was the only PAH detected and at low concentrations that are suspected to be the 

result of laboratory contamination based on the detection of anthracene in laborato

ry method blanks. PAHs detected in samples collected from the remaining two 

onsite wells (NMW-1 A at Pioneer Builders Supply and CBS-SA in the Former 

Swamp/ Lakebed Area) included naphthalene, acenaphthene, fluorene, phenan

threne, acenaphthylene, anthracene, fluoranthene, and pyrene. Except for naphtha

lene, PAH concentrations were generally low (i.e., < 5 µg/L). Carcinogenic PAHs 

were not detected in groundwater samples collected from onsite wells during this 

investigation. MCLs, MCLGs, and SMCLs do not exist and have not been proposed 

for the PAHs detected in onsite groundwater samples collected during this 

investigation. 

voes were generally not detected in upper aquifer groundwater samples from wells 

in the northern and extreme southern portions of the STF site. Onsite well 
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A groundwater divide/recharge area for the upper aquifer is located in the vicinity of 

the STF site. The regional groundwater gradient in the upper aquifer appears to be 

from the southeast to the northwest. However, hydraulic gradient reversals occur 

in the upper aquifer at the STF site during pumping of City of Tacoma production 

wells 4A, 6A, and 11 A. A cone of depression is created in the upper aquifer across 

the STF site during pumping, and the hydraulic gradient reverses to a direction 

toward the production wells. The hydraulic gradient direction in the extreme 

· southwest portion of the STF site does not appear to be affected by this gradient 

reversal, although the gradient there appears to become less steep during the 

pumping events. 

Further characterization of the hydraulic properties of aquifer zones at the STF site 

was conducted as part of the Hydraulic Characterization Investigation. Results of 

the Hydraulic Characterization Investigation are presented in Appendix HC of the RI 

Report. 

INORGANIC ANALYTICAL RES UL TS 

Concentrations of naturally occurring inorganics were generally within the range of 

background concentrations detected in upper aquifer groundwater collected from 

wells in the northern and eastern portions of the STF site. Upper aquifer ground

water samples collected from onsite wells in the Airport and Former Swamp/ 

Lakebed areas, the railcar cleanout area (southern end of the BNR Rail yard area), 

and Pioneer Builders Supply contained concentrations of some inorganics that were 

greater than the range of background concentrations. Concentrations of some 

inorganics detected in samples collected from upgradient wells TL-12A, TL-13A, 

and TL-23A were also greater than the range of background concentrations. The 

highest concentrations of some of the inorganics were detected in samples 

collected from offsite and upgradient well CBS-1 0A outside the southeast corner of 

the site. 
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background monitoring wells, and five upgradient monitoring wells during 

the second and fourth quarters (July/August 1991 and January 1992). 

0nsite groundwater samples collected during the first and third quarters were 

analyzed for inorganics, polynuclear aromatic compounds (PAHs), and volatile 

organic compounds (V0Cs). Samples collected during the third quarter were also 

analyzed for boron and cyanide. In addition, two samples were analyzed for 

semivolatile organic compounds and 12 samples were analyzed for dissolved 

metals. 

0nsite, background, and upgradient groundwater samples collected during the 

second and fourth quarters were analyzed for inorganics, PAHs, V0Cs, semivolatile 

organic compounds, boron, cyanide, pesticides and polychlorinated biphenyls 

(PCBs), total dissolved solids (TDS), total suspended solids (TSS), and total organic 

carbon (T0C). The same 12 groundwater wells sampled for dissolved metals 

analyses during the third quarter were also sampled and analyzed for dissolved 

metals during the fourth quarter. 

HYDROGEOLOGY 

The geologic units encountered during drilling beneath the STF site are correlative 

with the regional stratigraphy and appear to be laterally continuous with units 

described beneath the Tacoma Landfill to the west. The upper aquifer at the STF 

site is located in the Colvos Sand unit of the Vashon Drift, also the unit in which 

the upper aquifer at the Tacoma Landfill is located (Black & Veatch 1990). The 

Colvos Sand unit is composed of fine to medium, poorly graded to well-graded sand 

overlying a gravel unit. The regional confining layers identified as hydrostratigraphic 

layers A 1 and B by Brown and Caldwell (1985) were also encountered beneath the 

STF site. 
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• Collect groundwater vertical hydraulic gradient information and vertical 

chemical distribution information by installing and monitoring well clusters 

at two onsite locations. 

• Evaluate chemical concentration data (in conjunction with data from the 

Phase I and Phase II Soil Investigations, Geophysical Survey, and the Soil 

Gas Survey) to determine the need for additional monitoring wells. 

The following tasks were completed during the Phase I Groundwater Investigation: 

• Installed and developed 11 new monitoring wells at the STF site, including 

two well clusters consisting of three wells per cluster. 

• Collected seven undisturbed soil samples from the upper aquifer during well 

installation to characterize physical soil properties, including vertical 

hydraulic conductivity, porosity, and particle size distribution. 

• Measured water levels monthly in 30 groundwater monitoring wells 

(i.e., 29 onsite wells and 1 upgradient well) from April 1991 through March 

1992. Additional measurements were made in late August 1991, January 

1992, and March 1992. Measurements of water levels in upper aquifer 

wells in the vicinity of the Tacoma Landfill were provided by Tacoma 

Landfill personnel for the May, late August, November, and February 

events. These measurements were incorporated into upper aquifer water 

level contour maps prepared for this report. 

• Collected groundwater samples from 26 onsite monitoring wells during the 

first and third quarters (April and October/November 1991 ). 

• Collected groundwater samples from 26 onsite monitoring wells (two of 

the wells are also considered to be background wells), three additional 
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EXECUTIVE SUMMARY 

This report describes findings associated with the Phase I Groundwater 

Investigation performed as part of the South Tacoma Field (STF) Remedial 

Investigation/Feasibility Study (RI/FS). The Phase I Groundwater Investigation was 

performed as outlined in the Final Work Plan (ICF 1990b), which established the 

level of effort required by the U.S. Environmental Protection Agency (EPA) to 

complete the RI/FS. 

PURPOSE AND INVESTIGATIVE ACTIONS 

The primary purpose of the Phase I Groundwater Investigation was to collect 

hydrogeologic and groundwater quality data to characterize groundwater beneath 

/""'-,, the STF site. Specific objectives of the Phase I Groundwater Investigation were to: 
\~ 

• Characterize the types and concentration distributions of chemicals of 

concern detected in groundwater samples collected from onsite monitoring 

wells during four quarterly events. 

• Collect geologic information on hydrostratigraphic units beneath the STF 

site to assess the potential for intercommunication between the A and C 

aquifers (hydrostratigraphic designations according to Brown and Caldwell 

1985). 

• Collect groundwater hydraulic gradient information for the upper aquifer on 

a monthly basis for 1 year to assess seasonal effects and the effects of 

pumping City of Tacoma production wells on the hydraulic gradient at the 

STF site. 
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The Consent Order cites the Final Work Plan, which establishes the level of effort 

required by EPA to complete a Remedial Investigation/Feasibility Study (RI/FS) at 

the STF site. The Final Work Plan was prepared for EPA by ICF Technology, Inc. 

(ICF 1990b). Kennedy/Jenks Consultants was retained by the PRPs to conduct the 

RI/FS in accordance with the Final Work Plan, Revision 1, dated September 1990 

(ICF 1990b). 

The RI is composed of discrete investigations of surface soil, subsurface soil, 

groundwater, surface water, sediment, and blackberries. A soil gas survey, 

geophysical survey, wetland delineation and endangered plant species survey, and 

air modeling are also discrete components of the STF RI. Results of each of these 

investigations are presented separately as appendices to the RI Report. This report 

presents the findings of the STF Phase I Groundwater Investigation. 

1. 1 PURPOSE OF INVESTIGATION 

The purpose of the Phase I Groundwater Investigation was to collect hydrogeologic 

and groundwater quality data to characterize the groundwater quality beneath the 

site. The Phase I Groundwater Investigation consisted of four quarters of sampling 

and subsequent laboratory analyses of these samples as detailed in the STF Field 

Sampling and Analysis Plan (FSAP) and the Quality Assurance Project Plan (OAPjP) 

(Kennedy/Jenks/Chilton 1991 b,c). The following tasks were completed during the 

Phase I Groundwater Investigation: 

• Installed and developed 11 new monitoring wells 

• Abandoned one existing monitoring well 

• Sampled 26 new and existing monitoring wells during four quarterly events 

• Monitored water levels monthly in 30 monitoring wells 
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• Sampled 5 background wells during two quarterly events [dry season 

(July/August 1991) and wet season (January 1992)) 

• Sampled 5 upgradient wells during two quarterly events [dry season (July/ 

August 1991) and wet season (January 1992)). 

1.2 REPORT ORGANIZATION 

This report has been prepared in accordance with the EPA's (1988a) Guidance for 

Conducting Remedial Investigations and Feasibility Studies under CERCLA. The 

remaining sections of this report are summarized below: 

• Section 1.0 concludes with a summary of the site background and current 

land use. 

• Section 2.0 summarizes investigative methods used during this Phase I 

Groundwater Investigation, including a description of the drilling of soil 

borings, well installation, monthly water level monitoring, and the quarterly 

groundwater sampling activities. Analytical methods are also summarized 

in Section 2.0. 

• Section 3.0 summarizes the quality assurance/quality contrQI (QA/QC) 

program for field and laboratory data, and includes a discussion of the data 

validation process and the statistical analyses of laboratory analytical 

results. An explanation of the database printouts of analytical results is 

also presented. 

• Section 4.0 includes the interpretative results for the field activities associ

ated with the Phase I Groundwater Investigation, including a discussion of 

surface features as related to the geology of the site, a brief description of 
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surface water hydrology, a description of the geologic history and stratigra

phy of the area, and a discussion of the hydrogeology of the site. 

• Section 5.0 presents the investigative results (analytical data) for the 

groundwater samples collected for the four quarters of sampling. Site 

characterization as it pertains to groundwater quality at the site is present

ed, as well discussions of naturally occurring chemical constituents and 

chemicals of concern detected in samples collected from background, 

upgradient, and onsite wells. 

• Section 6.0 presents conclusions regarding hydrogeologic conditions and 

chemical characteristics of groundwater at the STF site. 

• Section 7 .0 includes references for documents cited and used in the 

preparation of this report. 

In addition, the Phase I Groundwater Investigation Report includes the following 

appendices: 

• Appendix GW-A contains boring and well construction logs (bound at the 

end of this report). 

• Appendix GW-8 contains sieve analyses results for selection of filter and 

screen sizes (bound at the end of this report). 

• Appendix GW-C contains 36 summary tables of detected analyte concen

trations for each monitoring well sampled (bound at the end of this report). 

• The Phase I Groundwater Investigation Data Appendix (Data Appendix; 

Kennedy/Jenks Consultants 1991) contains the analytical results for this 

investigation and was bound as a separate document. 
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1.3 SITE BACKGROUND 

This section presents a brief site description and a discussion of historical activities 

at the STF site. More detailed information is provided in the Site Background 

Summary UCF 1990a) and in the Final Work Plan (ICF 1990b). 

1.3.1 Site Description 

The STF site is located on the floor of a topographic lowland area referred to as the 

South Tacoma Channel, which is as much as 150 feet lower than the surrounding 

uplands. The site, once covered with industrial structures, is now mostly open 

fields of grass with a few industrial and commercial facilities. Surface water is 

sometimes present in the western portion of the site, but no creeks, streams, or 

rivers 

currently pass through the site. 

1.3.2 Site History 

This discussion of historical activities at the STF site is based on material contained 

in the Site Background Summary Report UCF 1990a). A more complete description 

of STF site history is available in the Site Background Summary Report UCF 1990a), 

along with references to other documents that provide additional information on 

historical site use. 

The STF site has been used for a variety of industrial purposes for approximately 

100 years. Locations where various activities have taken place at the site are 

shown in Figure GW-1 . Areas where significant historical activities occurred are 

briefly discussed in the following paragraphs. 
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The South Tacoma Car Shops area operated as a manufacturing and repair facility 

from 1892 until 1974. The area was used for manufacturing, repair, and mainte

nance of railroad equipment. 

The BNR Dismantling Yard was located in the northern portion of the Car Shops 

area. Cars were cleaned out in this area. 

Foundry facilities operated onsite from 1890 through 1980. An iron foundry 

produced iron wheels until 1957. A brass foundry produced journal bearings 

composed primarily of lead, tin, copper, zinc, and antimony until 1980. 

The South Tacoma Airport operated from 1936 to 1973. Aircraft maintenance and 

refueling operations were performed at this location during those years. A lake was 

located beyond the south end of the former runway and, in the late 1940s, was 

used by seaplanes. 

Reportedly, a variety of filling activities has occurred during the history of the site. 

Foundry, construction, and domestic wastes reportedly were disposed of as fill 

material in the Former Swamp/Lakebed area (ICF 1990a). In the 1930s and 1940s, 

portions of the site reportedly were used as unauthorized household and 

commercial waste dumping areas. Actual records of fill materials and volumes 

could not be obtained. 

Tacoma City light operations are located at the north end of the site. Repair, 

maintenance, and distribution of electric and water service equipment have oc

curred at the Tacoma City Light site since 1953. 
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1.4 CURRENT SITE USE 

Much of the STF site is currently undeveloped and is covered with field grass, 

blackberries, shrubs, and a few trees. Concrete rubble, old foundations, and trash 

are apparent in some areas. A portion of the STF site is used for light industrial and 

commercial operations. Some businesses have operated from facilities previously 

used in association with the iron foundry and the railyards, while other 

manufacturers have constructed new facilities. Information in this section has been 

prepared using the Site Background Summary Report (ICF 1990a). A map of 

businesses currently operating at the STF site is shown in Figure GW-2. 

Tacoma Public Utilities (Tacoma City Light) provides electrical service and drinking 

water to Tacoma residents and businesses, and has operated from the northern

most end of the STF site since 1953. Tacoma Public Utilities uses its facility for 

maintenance and repair of equipment, as a storage and distribution center for 

electrical and water supply system components, and as an administration center. 

The Tacoma City Light property is covered with asphalt pavement and buildings. 

Stormwater runoff drains to modified dry wells that have soil bottoms and intercon

necting piping leading to the City of Tacoma's storm drainage system. Some of the 

dry wells have been plugged with bentonite to prevent surface water infiltration. 

The Tacoma City Light property has four underground tanks and three aboveground 

tanks that are used to store automotive fuel, waste oil, and new, used, and waste 

mineral oil. Three of the underground tanks, which had contained leaded and 

unleaded gasoline, and diesel fuel, are empty and are under temporary closure. The 

tanks are scheduled for removal in August or September 1992. The other under

ground tank, which had contained waste oil, is empty and is also scheduled for 

removal in August or September 1992 (Post, R., 20 February and 4 June 1992, 

personal communication). The gasoline and diesel tanks reportedly are constructed 

of bare steel and are not equipped with cathodic protection or containment sys

tems. The waste oil tank is constructed of concrete. The three aboveground 
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2.0 INVESTIGATIVE METHODS 

This section describes the field activities conducted during the Phase I Groundwater 

Investigation, including the drilling of soil borings, well installation, well develop

ment, well abandonment, four quarters of groundwater sampling, monthly water 

level monitoring, and surveying of the onsite monitoring wells. A discussion of the 

selection of background and upgradient wells is also included in this section. 

Analytical methods for groundwater samples and analyses of geotechnical para

meters for aquifer soil are summarized at the end of this section. 

2. 1 FIELD ACTIVITIES 

Field procedures that were used during the Phase I Groundwater Investigation field 

activities are described in the Standard Operating Guidelines (SOGs) of the STF 

FSAP (Kennedy/Jenks/Chilton 1991 b). 

2.1.1 Geological Investigations 

Eleven ( 11) soil borings were completed as monitoring wells on the STF site during 

the Phase I Groundwater Investigation, in accordance with the Final Work Plan 

UCF 1990b) and the FSAP (Kennedy/Jenks/Chilton 1991 b). These 11 wells were 

designated NMW-1A, NMW-2A, NMW-3A, NMW-38, NMW-3C, NMW-4A, 

NMW-5A, NMW-58, NMW-5C, NMW-6A, and NMW-7 A. Information gathered 

from soil collected from the well borings was used to assist in interpretation of the 

stratigraphy at the site. The locations of these newly installed monitoring wells and 

existing monitoring wells installed during previous investigations are shown in 

Figure GW-3. 
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tanks, which contain mineral oil, are located in enclosed areas with complete 

secondary containment. 

In addition to the tanks, Tacoma City Light stores electrical equipment, including 

approximately 3,500 new and used transformers. Some of the transformers 

contained or have previously contained polychlorinated biphenyls (PCBs). PCB 

contamination of Tacoma City Light soil has been documented by Black & Veatch 

(1983) and by Hart-Crowser (1989). 

Tacoma Industrial Properties (TIP) Management Inc. owns property in the central 

portion of the STF site, which is the site of a former iron foundry. TIP uses the 

area for a variety of industrial purposes. Three businesses operate on TIP property: 

KML Corporation, Savage Industries, and Northwest Welding and Fabrication. KML 

Corporation has operated in the old iron foundry building since 1986. KML lami

nates films onto· particle board for the construction of cabinets and interior parti

tions. Savage Industries has used a former wood patterns and vaults building since 

the early 1970s to manufacture wood picture frames. Northwest Welding and 

Fabrication has operated at TIP since 1986. Northwest Welding and Fabrication 

activities include repair of boats, motors, and boat trailers, as well as steel product 

fabrication and repair. 

Other businesses have used TIP facilities; however, little information is available 

about their operations. These businesses reportedly included steel tubing, bending, 

and fabrication; lamination of plastic overlays on particle boards; railroad wheel 

journal bearing manufacturing; soil stabilization materials manufacturing; ware

housing; and steel fabrication. 

Facilities recently constructed on STF site property include the General Plastics and 

Pioneer Builders Supply complexes. General Plastics built a manufacturing plant in 

1981 on a portion of the former Northern Pacific Car Shops area. General Plastics 

manufactures high-density rigid and flexible polyurethane foams and high-density 

rigid polyisocyanurate foams for the aviation, construction, marine, nuclear, 
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architectural, and sports equipment industries. General Plastics uses and/or stores 

onsite several chemical products including chlorofluorocarbons, methylene chloride, 

and isocyanates. One underground storage tank, formerly available for spill contain

ment purposes, was removed in the summer of 1990 and properly disposed 

(Schatz, H., 25 February 1992, personal communication). 

Pioneer Builders Supply purchased land in the southeast portion of the STF site for 

a warehouse and office building that were constructed in 1988. Pioneer Builders 

Supply operates a distribution center for asphalt and cedar roofing materials. 

Pioneer Builders Supply used two underground tanks for approximately 5 years to 

store gasoline and diesel fuel. Pioneer Builders Supply excavated the tanks in 

December 1991 and determined that the surrounding soil was contaminated with 

petroleum products (Saltbush Environmental Services 1992). In addition, three 

underground tanks were discovered in the northeast corner of the Pioneer Builders 

Supply property in early 1990 and were excavated and disposed of in June 1990 

(Hildenbrand, J., 12 February 1991, personal communication). 
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To enable identification of the aquifer in which each well was installed, a letter 

designation was added to each of the previously existing and newly constructed 

monitoring wells. For example, the letter "A" was added to the monitoring well 

designation NMW-1 to indicate the well was installed in the upper aquifer. The 

letter "B" was used to indicate installation in the water-bearing zone beneath the 

next confining layer encountered during drilling, or at an approximate depth of 

125 feet below ground surface (BGS) if no confining layer was encountered. The 

letter "C" was used to indicate installation in the third water-bearing zone, or at an 

approximate depth of 200 feet BGS if no confining layer was encountered. 

Seven of the 11 new wells were installed in the upper aquifer. The four remaining 

wells were installed as well clusters at two of the new well locations (NMW-3 and 

NMW-5). At these two locations, wells were installed in the B and C zones, in 

addition to the A zone, as described in the preceding paragraph. These A, B, and C 

aquifer designations relate only to the relative positions of the aquifers encountered 

and not to existing hydrostratigraphic letter designations as proposed by Brown and 

Caldwell (1985). Further descriptions of these hydrostratigraphic designations are 

presented in Section 4. 1.2. 

Six of the well borings were drilled using a hollow-stem auger drill rig. The remain

ing five well borings were completed using_ a dual-tube air percussion hammer rig. 

Initially, the auger rig was to be used for drilling the seven shallow well borings and 

the hammer rig for drilling the four deeper well borings. However, because heaving 

sands were encountered while using the auger rig at the location of NMW-4A, this 

first boring was abandoned. A new well boring for NMW-4A was then drilled and 

installed using the hammer rig near the location of the abandoned auger boring. 

The hammer rig was used for the deeper borings because abundant gravel was 

anticipated in the borings and because the hammer rig method is effective to 

greater depth~ than the auger method. Drilling and subsurface soil sampling were 

conducted in accordance with SOG-11 (Kennedy/Jenks/Chilton 1991 b). Borehole 

logging was completed in accordance with SOG-15 (Kennedy/Jenks/Chilton 

1991b). 
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Attempts were made to collect soil samples at 5-foot intervals to a depth of 

50 feet, and at 20-foot intervals from 50 feet to the bottom of the boring, as 

specified in the Final Work Plan (ICF 1990b). Soil samples were collected, where 

possible, using a split-spoon sampler equipped with stainless steel liners in accor

dance with SOG-11 (Kennedy/Jenks/Chilton 1991 b). Depths from which the split

spoon samples were collected are shown in the boring and well construction logs 

(Appendix GW-A). At each of the well cluster locations (NMW-3 and NMW-5), the 

deepest (C) well was installed first. Samples were usually collected only from the 

C well borings, and lithologic information gathered from the deep borings was used 

to determine the placement of the B and A well screens at each location. 

When field conditions such as the presence of gravels prohibited the collection of 

undisturbed split-spoon samples, disturbed samples were collected from soil that 

was discharged through the discharge hose into the cyclone separator on the 

hammer rig. Attempts were made to collect disturbed soil samples at approxi

mately 5-foot intervals in all well borings where undisturbed samples were not 

collected. These soil samples were collected for lithologic logging purposes, 

although not specifically required by the Final Work Plan (ICF 1990b). All samples 

that were collected were archived in the onsite field office for possible future 

analysis in accordance with the Final Work Plan (ICF 1990b). 

Soils were logged using the Unified Soil Classification System (USCS) Visual

Manual Procedure as described in SOG-15 (Kennedy/Jenks/Chilton 1991 b). Soil 

descriptions and classifications are described in the boring and well construction 

logs (Appendix GW-A). 

2.1.2 Groundwater Investigations 

The Phase I Groundwater Investigation consisted of the installation and develop

ment of 11 new monitoring wells, abandonment of one existing monitoring well, 

sampling of 26 new and existing monitoring wells during four quarterly sampling 
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events, monthly monitoring of water levels in 30 monitoring wells, sampling of five 

background wells during the dry (July/August 1991) and wet (January 1992) 

seasons, and sampling of five upgradient wells during the dry and wet seasons. 

Field activities associated with this investigation are described in the following 

subsections. 

2.1.2.1 Well Installation. Eleven (11) monitoring wells were installed during this 

investigation as described in Section 2. 1 . 1 . The wells were installed in accordance 

with SOG-17 (Kennedy/Jenks/Chilton 1991 b) and in accordance with the State of 

Washington Minimum Standards for Construction and Maintenance of Wells (WAC 

173-160). Well construction details are shown in the boring and well construction 

logs (Appendix GW-A) and in the well installation database (Data Appendix), and 

are summarized in Table GW-1. 

Soil samples of the intervals to be screened were dried and analyzed for particle 

size distribution in approximate accordance with ASTM Method 0422-63. (Hydro

meter analyses were not performed.) Filter pack and well screen sizes were 

selected in accordance with SOG-16 (Kennedy/Jenks/Chilton 1991 b) using the 

California Department of Health Services (OHS 1986) Decision Tree Method. 

Results of the sieve analyses are presented in Appendix GW-8. Due to the prepon

derance of large grain sizes (cobbles and boulders) in the soil to be screened in 

NMW-3C, a sieve analysis was not completed for this well. Instead, the largest 

available filter pack and screen slot sizes were used for completion of this well. 

2.1.2.2 Well Development. The purpose of well development was to remove the 

fine material from pore spaces near the well borings and create a graded zone of 

sediment around the screen to stabilize the formation. The objective was to obtain 

groundwater with a minimal amount of sediment for chemical analyses. Well 

development activities were performed in accordance with SOG-17 (Kennedy/ 

Jenks/Chilton 1991 b). Summaries of well development activities for the 11 new 

wells are presented in Tables GW-2 and GW-3. 
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DATE 
INSTALLED 

WELL ID (MM/DD/VY) 
CBS-1A 10/11/82 
CBS-2A 10/13/82 
CBS-3A 10/10/82 
CBS-4A 10/11/82 
CBS-SA 10/11/82 
CBS-6A 10/12/82 
CBS-7A 10/12/82 
CBS-SA 10/13/82 
CBS-9A 10/11/82 

CBS-10A(a) 10/12/82 
CBS-11A · 10/14/82 
CBS-12A 10/13/82 
STM-1A 08/13/86 

STM-2A 08/13/86 

STM-3A 08/13/86 

STM-4A 08/13/86 

MW-1A 09/15/86 
MW-3A 09/17/86 
MW-SA 11/02/87 

NMW-1A 03/06/91 
NMW-2A 03/04/91 
NMW-3A 03/14/91 
NMW-3B 03/11/91 
NMW-3C 03/04/91 
NMW-4A 03/13/91 
NMW-SA 03/11/91 
NMW-SB 03/05/91 
NMW-SC 02/27/91 
NMW-6A 03/01/91 
NMW-7A 02/28/91 

GALV - Galvanized Steel 
B - Bentonite 

CASING TOTAL 
DIAMETER DEPTH 

(in) {ft) 
2 30 
2 33 
2 44 
2 43.5 
2 29 
2 28 
2 48 
2 18 
2 34 
2 44 
2 44 
2 33 
2 38 

2 42.5 

2 23 

2 26.5 

2 30.5 
2 29.5 
2 40.0 
4 48.0 
4 40.0 ·, 
4 38.0 
4 127.5 
4 195.5 
4 35.5 
4 47.0 
4 127.5 
4 200.5 
4 42.0 
4 40.0 

SS - Stainless Steel 
PVC - Schedule 40 PVC 
NA - Not Applicable 

TABLEGW-1 

MONITORING WELL CONSTRUCTION DATA 

BLANK 
INTERVAL BLANK 

(ft) TYPE 
0-20 PVC 
0-28 PVC 
0-39 PVC 
0-38 PVC 
0-23 PVC 
0-23 PVC 
0-43 · PVC 
0-13 PVC 
0-28 PVC 
0-39 PVC 
0-39 PVC 
0-28 PVC 
0-28 GALV 

0-32.5 GALV 

0-13 GALV 

0-16.5 GALV 

0-15 PVC 
0-14 PVC 

0-19.5 PVC 
0-21 PVC 
0-13 PVC 
0-13 PVC 

0-110 PVC 
0-180 PVC 
0-10 PVC 
0-20 PVC 

0-110 PVC 
0-185 PVC 
0-15 PVC 
0-15 PVC 

BP - Bentonite Pellets 
BS - Bentonite Slurry 

SCREENED 
INTERVAL SCREEN 

(ft} TYPE 
20-30 PVC 
28-33 PVC 
39-44 PVC 
38-43 PVC 
23-28 PVC 
23-28 PVC 
43-48 PVC 
13-18 PVC 
29-34 PVC 
39-44 PVC 
39-44 PVC 
28-33 PVC 
28-38 ss 

32.5-42.5 ss 

13-23 ss 

16.5-22.5 ss 

15-30.5 PVC 
14-29.5 PVC 

19.5-39.5 PVC 
21-46 PVC 
13-38 PVC 
13-38 PVC 

110-125 PVC 
180-195 PVC 
10-35 . PVC 
20-45 PVC 

110-125 PVC 
185-200 PVC 

15-40 PVC 
15-40 PVC 

GB - Granular Bentonlte 
RM - Ready-Mix Concrete 

SLOT 
SIZE 
(in) 

0.010 
0.010 
0.010 
0.010 
0.010 
0.010 
0.010 
0.010 
0.010 
0.010 
0.010 
0.010 
0.010 

0.010 

0.010 

0.010 

0.020 
0.020 
0.020 
0.020 
0.010 
0.020 
0.010 
0.030 
0.020 
0.020 
0.020 
0.030 
0.020 
0.020 

VC - Volclay Grout 
FS - Fine Sand 

ALTER 
PACK 

Coarse Sand 
Coarse Sand 
Coarse Sand 
Coarse Sand 
Coarse Sand 
Coarse Sand 
Coarse Sand 
Coarse Sand 
Coarse Sand 
Coarse Sand 
Coarse Sand 
Coarse Sand 
10-20 Silica 

10-20 Silica 

10-20 Silica 

10-20 Silica 

Med. Silica 
Med. Silica 
10-20 Silica 
10-20 Silica 
10-20 Silica 
10-20 Silica 
20-40 Silica 
8-12 Silica 
10-20 Silica 
·8-12 Silica 
10-20 Silica 
8-12 Silica 
10-20 Silica 
8-12 Silica 

(a) CBS-1 0A is located offslte and upgradient of the STF site. All other wells listed in this table are considered to be onsite for the purposes of this investigation. 

GW-1 

SURFACE FILTER 
'.SEAL SEAL 

(ft) (ft) 
0-8BG 8-13BS 
0-20BG 20-16 BS 
0-30BG 30-36BS 
0-28BG 28-33BS 
0-15 BG 15-20 BS 
0-12 BG 12-17 BS 
0-35 BG 35-41 BS 
0-SBG 5-11 BS 

0--20.5 BG 20.5-25.5 BS 
0-30 BG 30-35BS 
Q-31 BG 31-36 BS 
0-19BG 19-25 BS 
0-3RM 24.5-26 BP 

3--24.5 GB 
0-3RM 28.5-31 BP 

3-28.SGB 
0-3RM 9.5-11.5 BP 

3-9.SGB 
0-3RM 12.5-14.5 BP 

3-12.SGB 
0-12 BG NA 
0-14 BG NA 
7-15.5 B NA 
2-15 vc · 15-18 BP 
2-SVC 8-10 BP 
0-9BG 9-11 BP 

0-104 vc 104-107 BS 
0-175 vc 175-1n FS 
0-4CB 4-6.5 BP 

2-14 BG 14-17 BP 
0-105 vc 105-107 FS 
0-178 vc 178-180 FS 
2 .. 9vc 9-12 BP 
2-9VC 9-12 BP 

CB _:Cement/Bentonlte Mix 
BG - Bentonlte Grout 

' 
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TABLE GW-2 

SUMMARY OF WELL DEVELOPMENT ACTIVITIES 
BEGINNING OF DEVELOPMENT 

Well Development 
Number Method1• I Date Time 

NMW-1A Bail, surge, pump 03/19191 1115 

NMW-2A Bail, surge, pump 03/19191 0832 

NMW-3A Bail, surge, pump 03/18191 1140 

NMW-3B Bail, surge, pump 03/18191 0849 

NMW-3C Bail, surge, pump 03/15/91 1308 

NMW-4A Bail, surge, pump 03/18/91 1339 

NMW-5A Bail, surge, pump 03/14/91 0828 

NMW-5B Bail, surge, pump 03/14191 1309 

NMW-5C Bail, surge, pump 03/15/91 0819 

NMW-6A Bail, surge, pump 03/12/91 1455 

NMW-7A Bail, surge, pump 03/12/91 0827 

(al Pumping was completed using a 4-inch submersible pump. 
(bl Relative turbidity was based on visual observations. 

Depth to 
Water (ftl 

31.0 

18.0 

17.0 

18.0 

22.0 

14.0 

22.3 

25.3 

39.5 

23.0 

23.5 

(cl High initial pH reading was a result of cement in wall during installation. 

GW-2 

Temperature Specific Conductivity 
1°c1 pH l,,mhoel 

13.6 6.7 210 

9.6 6.6 638 

15.8 7.4 317 

9.4 8.3 243 

12.5 11.61cl 593 

11.4 6.6 370 

9.0 7.1 195 

9.7 7.0 224 

9.3 6.5 349 

12.9 7.5 205 

10.0 7.7 287 

i 

Turbldltylbl/Color 

Strong turbidity/gray-brown 

Strong turbidity/gray-brown 

Strong turbidity/orange-brown 

Very turbid/gray brown 

Very turbid/gray 

Strong turbidity/medium-brown 

Strong turbidity/orange brown 

Strong turbidity/gray 

Turbid/gray 

Murky/light brown 

Turbid/medium brown 
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Well Time Volume of Water 
Number Removed (gall 

NMW-1A 1224 440 

NMW-2A 1017 990 

NMW-3A 1239 330 

NMW-3B 1034 660 

NMW-3C 1525 1080 

NMW-4A 1436 550 

NMW-5A 1143 840 

NMW-5B 1501 700 

NMW-5C 1133 1250 

NMW-6A 1602 385 

NMW-7A 1357 490 

--,,,, 

TABLE GW-3 

SUMMARY OF WELL DEVELOPMENT ACTIVITIES 
ENDING OF DEVELOPMENT 

Cuing Volume• Temperature Specific Conductivity Turbidity!•• I 
Removed 1°c1 pH l,,mhoel Color 

36.1 13.0 6.7 482 Clear/pala yellow 

71.7 10.6 6.5 600 Claar/yellow 

27.3 13.4 6.4 342 Clear/pale brown 

10.3 10.2 8.2 230 Clear 

9.7 9.0 9.0 196 Clear/light gray 

39.9 10.4 6.0 1200 Clear 

47.5 11.1 7.1 166 Clearnight brown 

10.7 10.2 7.8 224 Clear 

12.1 10.2 8.0 315 Clear 

31.6 11.3 7.1 225 Clear/pale yellow 

41.5 12.5 6.9 254 Clear 

(al Relative turbidity was based on visual observations. 

GW-3 

Purge Depth to Water 
Rate (gpml During Purge lftl 

10 35.0 

10 19.0 

10 18.0 

10 62.0 

20 24.0 

20 16.0 

10 23.0 

12 105.0 

20 60.0 

10 33.0 

20 24.5 
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The 11 new onsite wells were developed using a combination of bailing, mechanical 

surging, and pumping techniques. A bailer was used initially to remove silt accumu

lations from the bottom of each well. A surge block was then inserted into the 

well, and surging was performed by slowly moving the surge block up and down in 

the well throughout the vertical extent of the screened interval. The wells were 

then pumped using a 1 .5-horsepower submersible pump. The pump inlet was 

suspended at a given vertical location in the screened interval until the discharge 

water appeared to be relatively sediment-free. At that time, the pump inlet was 

relocated to a different portion of the screened interval and again pumped until 

sediment-free. This process was continued until the entire screened interval was 

pumped. 

In addition to the 11 new wells, 10 existing onsite wells were redeveloped in an 

effort to obtain relatively sediment-free water for groundwater sampling. The 

existing wells that were redeveloped were CBS-1 A, CBS-3A, CBS-4A, CBS-SA, 

CBS-9A, MW-1, MW-3, MW-5, STM-1A, and STM-2A. Background well 89.7-P1 

(see Section 2.2) was also developed using bailing techniques prior to the second 

quarter of groundwater sampling. This well had been in use by the City of Tacoma 

as a piezometer and had not been previously developed. 

All existing wells were developed in accordance with SOG-17 (Kennedy/Jenks/ 

Chilton 1991 b). The existing wells were redeveloped using a combination of bailing 

and pumping techniques. A bailer was first used to remove the sediment deposits 

from the bottom of the well. Next, a hand pump or centrifugal pump was used to · 

pump the water until approximately 10 well volumes of water were removed or 

until the water appeared relatively sediment-free. 

2.1.2.3 Well Abandonment. One monitoring well, CBS-13A, was abandoned during 

the Phase I Groundwater Investigation as specified in the Final Work Plan 

(ICF 1990b) and in accordance with WAC 173-160 (Abandonment of Resource 

Protection Wells, WAC 173-160-560). Descriptions of the original well 
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construction and soil characteristics for CBS-13A are based on information obtained 

from Black & Veatch (1983). 

Well CBS-13A was constructed in November 1982 using an air-rotary drill rig. The 

well boring was advanced to a depth of 82 feet BGS through deposits consisting 

mainly of sand and gravel with minor silt. Clayey silt and silty sand deposits were 

encountered in the boring from 82 feet BGS to a total depth of 99 feet BGS, where 

the well boring was terminated. CBS-13A was constructed using 4-inch Schedule 

40 PVC casing. The well was screened from a depth of approximately 76.4 feet to 

a depth of approximately 96.4 feet BGS with 0.010-inch slotted PVC casing. 

Natural cave-in of formation materials surrounded the screened interval and filter 

pack was not used. The natural filter pack was sealed with 10 feet of bentonite 

slurry. Cement-bentonite grout was used to fill the annulus from the bentonite 

slurry upward to ground surface. 

An auger rig was used to abandon CBS-13A during the Phase I Groundwater 

Investigation. First, the steel surface housing was removed from the well. Then 

the 6.25-inch outside diameter (O.D.) auger was placed over the PVC well casing 

and overdrilling of the well casing was initiated. A continuous section consisting of 

approximately 50 feet of PVC well casing was then removed from the boring after 

drilling to 45 feet BGS. This casing was found to be plugged with several large 

cobbles and a broken bottle. Due to the underconsolidation of soil at this location, 

surface caving was apparent. The boring was reentered with an 8-inch O.D. auger 

equipped with a center bit in an attempt to grind up the casing still in place. Drilling 

was completed to a depth of 100 feet BGS, approximately 1 foot below the base of 

CBS-13A. · 

A mixture of cement and bentonite was prepared for grouting the boring. A tremie 

pipe was inserted to the bottom of the boring. Grouting commenced by pumping 

the cement/bentonite mix through the tremie pipe. Upper sections of tremie pipe 

were periodically removed as the grout filled the void space in the boring. Grouting 

continued until the boring was filled to the ground surface. After the grout settled 
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overnight, additional grout was added to the boring to fill the boring to ground 

surface. 

Volume calculations were completed to verify that sufficient quantities of grout 

were placed in the boring to fill the void. Overdrilling of the well produced an 

8-inch diameter borehole to a depth of 100 feet. The borehole was filled with 

approximately 260 gallons of cement/bentonite grout, which is almost equal to the 

calculated volume of the borehole (261 gallons). 

2.1.2.4 Quarterly Groundwater Sampling. Twenty-six (26) onsite monitoring wells 

(including two background wells), three additional background monitoring wells, and 

five upgradient monitoring wells were sampled during this investigation. Dedicated 

bladder pumps and discharge hoses were installed in the 26 onsite wells prior to the 

first quarter of groundwater sampling. These pumps and hoses were used for 

purging and sampling the 26 onsite wells during all four quarters of groundwater 

\ sampling. 

The Final Work Plan (ICF 1990b) identified two additional wells that were to be 

sampled during this RI. These wells were MW-2A and MW-4A, located on the 

Amsted property. During the initial field investigation, the presence of heavy oil 

was identified in MW-2A. MW-4A had apparently been vandalized, only a shard of 

PVC casing was evident at the surface. MW-4A was subsequently abandoned by 

Amsted under a separate Consent Order, and investigation of MW-2A is currently in 

progress under that Consent Order. 

Three background wells and five upgradient wells were purged and sampled using 

various techniques. Background well 89. 7-P1 was purged using a PVC bailer and 

sampled using a teflon bailer. Background well TL-16A was purged and sampled 

using a dedicated PVC bailer that was housed in the well. Background well WCC-2 

was purged and sampled using a stainless steel and teflon 2-inch submersible 

sampling pump. Upgradient well CBS-1 OA was purged and sampled using a teflon 

bailer. Upgradient wells TL-12A, TL-13A, TL-14A, and TL-23A were purged and 

RI APPENDIX GW 

.FINAL REPORT GW2-7 916055.08 



sampled using their existing dedicated pumps equipped with an air motor attach

ment. A purge hose (provided by Tacoma landfill personnel) was used to purge 

these four upgradient wells. A teflon sampling hose (also provided by Tacoma 

landfill personnel) was used to sample these four upgradient wells. All ground

water sampling was conducted in accordance with SOG-12 (Kennedy/Jenks/Chilton 

1991 b). Samples were packaged and shipped in accordance with S0G-3 (Kennedy/ 

Jenks/Chilton 1991 b). 

Field measurements were recorded on Groundwater Purge and Sample Forms during 

the monitoring well purging procedure and included temperature, pH, and specific 

conductivity. Measurement of these field parameters was completed in accordance 

with SOG-6 and SOG-8 (Kennedy/Jenks/Chilton 1991 b). Visual observations of 

turbidity and color were also recorded on these forms. Results of these measure

ments and observations were entered into the appropriate database and are 

presented in Section 7 .0 (Field Data) of the Data Appendix. 

The 26 onsite wells (including two background wells) were sampled during four 

quarterly events. The three additional background wells and five upgradient wells 

were sampled only during the second and fourth quarters. Analytical methods for 

these samples are summarized in Section 2.3. 

2.1.2.5 Monthly Water level Monitoring. Monitoring of water levels in 30 wells 

(i.e., 29 onsite wells and 1 upgradient well) was conducted on a monthly basis 

beginning in April 1991 . Wells included in the monthly water level monitoring 

events are identified in Table GW-4. Additional water level monitoring of the 30 

wells was performed during August 1991, November 1991, and March 1992. 

Tacoma landfill personnel provided water level data for May 1991 , late August 

1991, November 1991, and February 1992. These data were incorporated into the 

water level contour maps. 

All water level measurements were completed in accordance with S0G-18 

(Kennedy/Jenks/Chilton 1991 b). Results of the monthly water level monitoring 
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TABLE GW-4 

SURVEY DATA FOR MONITORING WELLS 

Well No. Location Northing'•> Easting1•> 
No. 

NMW-1A 1760 690017.40 1146754.29 
NMW-2A 1758 690979.42 1145215.34 
NMW-3A 1756 691649.40 1145703.81 
NMW-38 1755 691656.58 1145698.02 
NMW-3C 1757 691660.72 1145704.30 

NMW-4A 1759 692795.40 1145408.83 
NMW-5A 1754 695234.17 1146520.32 
NMW-58 1752 695239.96 1146515.50 

NMW-5C 1753 695231.71 1146513.19 
NMW-6A 1751 695951.03 1147366.74 
NMW-7A 1750 696177.86 1146651.70 
CBS-1A 1761 695976.02 1146934.36 

CBS-2A 1762 694571.22 1146352.26 
CBS-3A 1763 692680.55 1146106.54 
CBS-4A 1764 690682.06 1146139.68 
CBS-5A 1765 ·599591.10 1146027.80 
CBS-6A 1766 692795.99 1145387.03 
CBS-7A 1767 692622.84 1146959.91 

CBS-SA 1768 690653.60 1145164.68 
CBS-9A 1769 689624.72 1145115.40 
CBS-10A1fl 1770 689615.28 1147044.84 

CBS-11A 1771 690820.19 1146871.71 

CBS-12A 1772 691668.54 1145718.63 

MW-1A 1773 690579.51 1145764.81 
MW-3A 1775 690280.74 1145754.88 
MW-5A 1777 690918.42 1146120.68 

STM-1A 1778 689558.00 1146537.04 
STM-2A 1779 689342.64 1146287.34 

STM-3A 1780 689322.39 1146135.51 

STM-4A 1781 689446.08 1146127.90 

(a) City of Tacoma NAO 83 horizontal datum. 
(bl City of Tacoma NGVD 29 vertical datum. 

Steel CasinM 
Elevation lb, 

PVC 
Elevationlb,d) 

(ft MSL) (ft MSL) 

254.25 253.98 
240.91 240.33 

239.80 239.461•1 

237.57 236.821•1 

240.36 240.21 

236.10 235.98 

243.17 242.93 

243.28 243.14 

243.50 243.33 

243.21 243.151•1 

243.65 243.531•1 

240.85 240.351•1 

241.78 241.39 

251.18 250.75 

252.49 251.96 
239.59 239.31 

234.43 234.33 

256.44 255.80 

227.46 226.72 
244.00 243.49 

256.69 256.60 

255.63 255.44 

240.85 240.75 

243.62 243.19 

240.64 239.77 

250.30 249.73 

254.50 253.28 

255.57 255.20 

239.13 238.47 

240.61 239.92 

Ground Surface 
Elevation lb I 

(ft MSL) 

252.0 

238.8 
237.3 

237.5 

237.3 

233.4 

240.9 
240.6 

241.0 

240.8 
241.5 
238.8 
240.8 
249.9 

251.5 
237.3 

233.3 

255.6 

224.9 

242.7 

255.7 

254.9 

238.8 
240.4 

237.3 

250.4 

252.1 

252.8 

235.6 

237.7 

(cl The top of the steel casing was used as the water level measurement reference point during this investigation due 
to the movement of poorly fitting PVC caps during measurement. 

(di Measuring point for wells with dedicated pumps was a hole inside the PVC cap. 
(el PVC caps were poorly fitting. 
(fl CBS-1 OA is located offsite and upgradient of the STF site. All other wells listed in this table are considered to be 

onsite for the purposes of this investigation. 
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events were entered into the appropriate database and are presented in Section 7 .0 

(Field Data) of the Data Appendix. Water level contour maps of the upper aquifer 

are presented in Section 4.1.4.2. 

2.1.3 Surveying of Monitoring Wells 

Surveying of the 26 onsite wells was completed by PEI/Barrett Consulting Group. 

Well locations were surveyed for horizontal (northing and easting) coordinates in 

reference to the City of Tacoma NAO 83 horizontal datum. Vertical elevations were 

surveyed in reference to the City of Tacoma NGVD 29 vertical datum. Vertical 

elevations that were measured for the monitoring wells included ground surface 

elevations, tops of the steel surface housings, and tops of PVC or steel well 

casings. Monitoring well survey data are presented in Table GW-4. 

2.2 BACKGROUND AND UPGRADIENT WELL SELECTION 

The Final Work Plan (ICF 1990b) called for the collection of 10 background and 

10 upgradient groundwater samples. The background and upgradient groundwater 

samples were to be collected from wells that were screened in the same aquifer 

immediately underlying the STF site. Analytical results for the background samples 

were to be used to evaluate the concentrations of chemicals in the groundwater 

that might be naturally occurring in groundwater in the region. The upgradient 

samples were to be collected from wells upgradient of the site to characterize the 

quality of the groundwater at the STF site that may have originated from offsite 

sources. 

As stated in the FSAP (Kennedy/Jenks/Chilton 1991 b), the background samples 

were to be collected within the South Tacoma Channel in close proximity to the 

site. Available well databases obtained from EPA and the U.S. Geological Survey 

(USGS) were searched to identify suitable wells for background groundwater 
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sampling. Because an insufficient number of wells suitable for use as background 

wells was identified, an alternate background groundwater sampling plan was used 

during this investigation. The plan requires two sampling events for the five 

background wells (i.e., once during the dry season and once during the wet 

season); These seasons correspond with the second and fourth quarters of 

groundwater sampling during this investigation. Locations of the background wells 

that were selected for groundwater sampling are shown in Figure GW-4. 

Upgradient wells were selected after several months of monthly water level 

monitoring was completed. Using the same rationale as in the selection of back

ground wells, five upgradient wells were selected to be sampled during the dry and 

wet seasons. Locations of the upgradient wells that were selected for groundwater 

sampling are shown in Figure GW-5. 

The 26 monitoring wells that were scheduled for quarterly sampling are considered 

onsite wells for the purposes of this investigation. However, three of these wells """"'· 

(CBS-5A, CBS-7A, and CBS-9A) are located outside the STF site boundary. Two of 

these onsite wells, CBS-5A and CBS-9A, were also used as background monitoring 

wells during this investigation. 

One of the background wells (TL-16A) and four of the upgradient wells (TL-12A, 

TL-13A, TL-14A, and TL-23A) are not located within the geomorphic feature known 

as the South Tacoma Channel (described in Section 4.1.1 ). However, 

hydrogeologic information gathered during this investigation suggests that all the. 

background and upgradient wells appear to be screened in the upper aquifer in a 

laterally continuous hydrostratigraphic unit. 
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2.3 ANALYTICAL METHODS 

Analytical methods for soil and groundwater samples collected during the Phase I 

Groundwater Investigation are summarized in Table GW-5. Analytical results for 

these samples are presented in Section 5.0. 
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TABLE GW-5 

SAMPLE ANALYSES, MATRICES, METHOD NUMBERS, CONTAINERS, 
PRESERVATION METHODS, AND HOLDING TIMES 

FOR THE GROUNDWATER INVESTIGATION 

Analysle Matrix Method Referencecl•1 Container Preservation 

Volatile organic compounds (VOCI Water SOW OLM01.0 • Three 40-ml amber glass Yialslbl HCI to pH<2 and 
w/PTFE - septum Refrigerate 4°C 

Base/neutral/acid (BNAI Water SOW OLM01.0 • Three 1-L amber glass w/PTFE- lined Refrigerate 4°c 
extractable lid 

Polynuclear aromatic Water SOW OLM01.0 and/or • Three 1-L amber glass w/PTFE-lined Refrigerate 4°C 
hydrocarbons EPA Method 8310 lid 
IPAHI 

Chlorinated pesticides/PCBs Water SOW No. 2/88 • Three 1-L amber glass w/PTFE-lined Refrigerate 4°C 
IEPA1988al lid 

Metals Water SOW ILM01.0 • 500-ml plastic container HN03lcl to pH<2 and 
Refrigerate 4°C 

Copperldl Water SOW ILM01.0 and • Included with metal analysis HN03 to pH<2 
EPA Method 7211 

Cyanide (totall Water SOW ILM01.0 • 250-ml plastic or glass container NaOH1•1 to pH> 12 
and Refrigerate 4°C 

Boron Water EPA Method 6010 • Included with metal analysis Rafrigarata 4°C 

Total dissolved solids (TDS) Water EPA Method 160. 1 • 500-ml plastic container Refrigerate 4°C 

Total suspended solids (TSS) Water EPA Method 160.2 • 500-ml plastic container Refrigerate 4°c 

Total organic carbon (TOC) Water EPA Method 9060 • 250-ml glass jar H3P0/1 to pH< 2 
and refrigerate 4°C 

pH Water EPA Method 150.1 NAlal NA 
Specific conductance Water EPA Method 120.1 NA NA 
Temperature Water EPA Method 170.1 NA NA 

Page 1 of 2 

Holdlng Time 

• 14 days 

• 7 days extraction/ 40 
days analyzed 

• 7 days extraction/ 40 
days analyzed 

• 7 days extraction/ 40 
days analyzed 

6 months, except 
Hg=28 days 

6 months 

14 days 

6 months 

7 days 

7 days 

28 days 

Field reeding 
Field reeding 
Field reading 

916055.08 
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Analysla 

TABLE GW-5 

SAMPLE ANALYSES, MATRICES, METHOD NUMBERS, CONTAINERS, 
PRESERVATION METHODS, AND HOLDING TIMES 

FOR THE GROUNDWATER INVESTIGATION 

Matrix Method Referenced"' Container Preaervatlon 

Page 2 of 2 

Holding Time 

GEOTECHNICAL PARAMETERS 

• 

• 

• 

(al 

(bl 
(cl 
(di 
(el 
(fl 
(g) 
(hi 

Permeability/hydraulic 
conductivity (permeable soill Soil ASTM1hl 0-2434 Shelby tube or equivalent NA NA 

Particle size distribution Soil ASTM C-117, C-136 NA NA NA 
ASTM 0-422 

Porosity/specific gravity Soil ASTM 0-854 Shelby tube or equivalent NA NA 

Methods are referenced in the following documents: SOW OLM01.0 (EPA 1990a); SOW ILM01.0 (EPA 1990bl; SOW No. 2/88 (EPA 1988e); Test Methods for Evaluating 
Solid Waste, SW-846 (EPA 1986); Methods for Chemical Analysis of Water and Wastes (EPA 1983); and Standard Methods for the Examination of Water and Wastewater 
(American Public Health Association (APHA) 1985). 
Triplicate volumes of water samples were collected in order for laboratories to perform QA/QC analyses (matrix spike, matrix spike duplicates). 
HN03 = Nitric acid. 
When copper was detected at concentrations less than or equal to 50 ug/L using SOW ILM01.0 methods, the water sample was reanalyzed using Method 7211. 
NaOH = Sodium hydroxide. 
H3P04 = Phosphoric acid. 
NA = Not applicable. 
ASTM = American Society for Testing Materials. 

916055.08 
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3. 1 

3.0 QUALITY ASSURANCE, DATA VALIDATION, 
AND STATISTICAL ANALYSES 

FIELD QA/QC PROCEDURES 

During field operations, quality control (QC) samples were collected to monitor both 

field and laboratory operations to evaluate the precision and accuracy of analytical 

data throughout the project. QC samples consisted of field duplicates and blank 

samples (rinsate, trip, and transfer blanks). 

At a minimum, field duplicate groundwater samples were collected for every 20 

samples (i.e., two duplicates were collected during each quarterly sampling event). 

Duplicate samples were collected from different wells for each quarterly event. 

Each field duplicate was assigned a unique sample number and treated as a 

separate sample. These samples were not identified to the analytical laboratory as 

duplicates. Duplicate samples were collected in accordance with SOG-14 

(Kennedy/Jenks/Chilton 1991 b). 

One blank sample was submitted for laboratory analysis for each day of ground

water sampling. Rinsate blank samples were collected when decontamination of 

sampling equipment was performed (e.g., when nondedicated bailers and/or pumps 

were used for sampling). At a minimum, one trip blank sample was submitted for 

each 20 samples (i.e., two trip blanks were submitted during each quarterly 

sampling event). On the remaining days of sampling, transfer blank samples were 

submitted for analysis. 

Rinsate blanks were collected when reusing sampling equipment to monitor the 

effectiveness of decontamination procedures and to identify the potential for cross

contamination between sampling locations. Rinsate blanks were collected by 

rinsing decontaminated sampling equipment with deionized water and placing the 
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collected rinsate water in appropriate containers with required preservatives. 

Rinsate blanks were analyzed for the same constituents as groundwater samples. 

Trip blanks were carried during sampling and submitted for analyses to monitor for 

possible volatile organic contamination caused by diffusion of organic contaminants 

through the polytetrafluoroethylene-faced silicone rubber septum of the sample vials 

during transport to and from the laboratory, as well as to monitor the quality of the 

laboratory water. Trip blanks were prepared by the laboratory by filling volatile 

organic analysis (VOA) vials with deionized water and shipping the blanks with the 

sample containers. Whenever a sample within a batch was to be analyzed for 

volatile organic compounds (VOCs), a trip blank would accompany the sample 

containers through collection and shipment to the laboratory. Trip blanks were 

analyzed for voes only. 

Transfer blanks were collected to evaluate the possibility of sample contamination 

from ambient conditions during the sampling event. Transfer blanks were prepared 

at the well location by placing high-purity deionized water in sample containers with 

appropriate preservatives. Transfer blanks were numbered using the location 

numbers of the wells at which the blanks were prepared. 

Analytical results for QC samples collected during groundwater sampling are 

presented in Section 7 .0 of the Data Appendix. These results were evaluated by 

EcoChem, Inc. (EcoChem) as part of the data validation requirements (see Section 

3.4) and discussions of this evaluation are presented in the Data Validation Reports 

(Section 8.0 of the Data Appendix). 

3.2 LABORATORY QA/QC REVIEW 

Analytical methods outlined in EPA's Contract Laboratory Program (CLP) State

ments of Work (EPA 1988b; 1990a,b) were used to measure organic and inorganic 

constituents. EPA's CLP methods specify QC procedures that the laboratory is 
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expected to meet or exceed. These procedures include analysis frequency and QC 

limits for laboratory method blanks, spiked samples, duplicates, and laboratory 

control samples. Analytical results and QC criteria were evaluated by the 

laboratory as part of their data reduction and documentation procedures, and in 

accordan·ce with those procedures outlined in the STF QAPjP (Kennedy/Jenks/ 

Chilton 1991 c). Laboratory qualifiers were assigned to data during this review as 

outlined in the CLP Statements of Work (EPA 1988b; 1990a,b). Descriptions of 

laboratory-assigned data qualifiers are presented in Section 6.0 (Tables 6-1, 6-2, 

and 6-3) of the Data Appendix. 

3.3 INDEPENDENT QA/QC REVIEW OF LABORATORY DATA 

Analytical data were received from the laboratory in hard copy or magnetic format, 

or both. A QA review of magnetic data was performed prior to its input into the 

STF database. This independent review included, at the minimum, the following 

activities: 

• Verification of sample location numbers and laboratory accession numbers 

• General review to check completeness of data packages 

• Comparison of a minimum of 1 0 percent of magnetic data with hard copy 

data. 

Data received in hard copy format only were manually entered into the STF data

base using a dual-entry or single-entry method, which was dependent on the 

quantity of data received. When data packages were dual-entered, a comparison 

program was used to check the dual-entered data for accuracy and was repeated 

until no discrepancies were reported (i.e., in a report of differences) between the 

dual-entered databases. Smaller data sets were entered into the STF database by 
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one person and reviewed by another for errors. Once data were input into the data

base, a final QA review was performed. 

3.4 DATA VALIDATION 

Data validation of analytical results was performed to evaluate procedural compli

ance with QA objectives as outlined in the STF OAPjP (Kennedy/Jenks/Chilton 

1991 c) and to assess the laboratory's performance in meeting the QC 

specifications for detection limits, accuracy, precision, and completeness as 

outlined in the CLP Statements of Work (EPA 1988b; 1990a,b). Data validation 

was performed by Ecochem. 

Data validation was based on the criteria described in the functional guidelines for 

evaluating inorganic and organic analyses (EPA 1988c,d,e). Data that did not meet 

required criteria were flagged with validation qualifiers. Descriptions of data 

validation qualifiers are presented in Section 6.0 (Tables 6-4 and 6-5) of the Data 

Appendix. 

A 100-percent data validation was completed for all groundwater analytical results. 

EcoChem prepared a separate Data Validation Report to summarize findings for 

each quarterly sampling event. These reports are presented in Section 8.0 of the 

Data Appendix. 

3.5 STATISTICAL ANALYSES 

A statistics program was written to analyze laboratory data contained in the STF 

project database files. The program allows the user to select any of the finalized 

STF database files on the network drive and to then calculate statistics as needed. 
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Statistics were calculated based on the following criteria: 

• No QA/QC duplicate or blank analytical results were used to calculate 

statistics. 

• Any analyte field that contained zero was not used in the statistical 

calculations because no data were entered in that field for that analyte. 

• Any analytical result (analyte) value that contained an "R" in the data 

validation qualifier field was not used in the statistical calculation because 

the analysis produced a value that was rejected during data validation. 

• All other analyte values (those without zeros or R's) were used to calculate 

statistics. 

• All analyte values that contain "U" in either the laboratory qualifier field or 

data validation qualifier field were undetected values and were used in the 

program calculations at one-half the reported analyte value. 

• All other analyte values (those without U's) were used at the reported 

analyte value. Where the laboratory reran an analysis because the quality 

control criteria were not met, both results were printed in the database. 

Reruns and dilutions were identified with an "R" or "D," respectively, after 

the laboratory-assigned sample number. For statistical purposes, only the 

R (rerun) or D (dilution) records were used to calculate statistics. 

Statistics were calculated for groundwater samples collected from the five back

ground wells sampled during the second and fourth quarters. Statistics were 

calculated for inorganics, excluding cyanide. Statistical calculations were limited to 

inorganic elements that occur naturally in groundwater in background wells. The 

objective was to estimate the concentrations of naturally occurring inorganic 
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elements to be expected in groundwater samples unaffected by anthropogenic 

sources. Statistical calculations are outlined below: 

• The number of analyte values meeting the foregoing criteria was counted. 

• The sum of selected analyte values was computed using one-half of the 

value where appropriate (i.e., analyte values qualified with U). In addition, 

the sum of the squares of the analyte values was computed for variance 

and standard deviation calculations. 

• The maximum and minimum values were determined by a replacement 

algorithm. The maximum value was set to 0 and the minimum value was 

set to 1 ,000 ,000 at initiation of the analyte calculation pass. 

• The number of values contained in various user selected class intervals 

(i.e., concentration ranges) was determined with a series of "IF" state

ments. 

• The mean was calculated by dividing the sum of the analyte values by the 

number of va1ues. 

• The range was calculated by subtracting the minimum value from the 

maximum value. 

• The variance, s2, was calculated by dividing the sum of the squared devia

tions of the values about this mean x by the number of values (n) minus 1 : 
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• The standard deviation was calculated by taking the square root of the 

variance. 

• The 95-percent upper confidence limit on the mean (95% UCL) was 

calculated by using a two-tail T-test of the data. The T-test table for 2.5 

percent values was included in the program. The T-test value was ob

tained by subtracting one from the number of values and indexing into the 

T-test array to obtain the number. For data sets greater than 31, a T-test 

value of 1.96 was used. The 95-percent confidence limit on the mean was 

calculated by adding and subtracting the T-test value times the standard 

deviation divided by the square root of the number of values from the 

mean: 

i ± [t, * s 1 / In 

3.6 DATABASE REPORT PRINTOUTS 

Database files were formatted and printed as database reports on 14.5x11-inch 

paper. This size was selected because it allowed a 75-percent reduction to fit 

8.5x11-inch paper. The format and reduction maintains data that are easily 

readable, allows printing 53 lines of data per sheet, and significantly reduces the 

size of the Data Appendices. The database report printouts (analytical results) are 

presented in Section 7 .0 of the Data Appendix. 

Two lines of data from the report header are printed at the bottom of all database 

reports to make paging through the reports easier. This footer indicates the 

database filename, date and time that file was last revised, file size, date printed, 

and page number. 
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The database report has a separate but complementary location number report (see 

Section 3.0 of the Data Appendix) that includes all location, survey, and sampling 

information [i.e., EPA Storet code, STF location 11umber, laboratory number, NAO 

coordinate (northing and easting) data, and elevation]. 

Special report printing programs were also written to print nonstandard reports that 

contain ancillary information (separate from analytical data) and retain a format 

comparable to the database reports. These reports contain groundwater monitoring 

well field data (e.g., field observations during sample collection), installation data, 

and monthly water levels for the monitoring wells. 
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4.0 GEOLOGICAL INVESTIGATIVE RESULTS 

The initial findings of the Phase I Groundwater Investigation are based on field data 

collected during installation of monitoring wells, field data collected during develop

ment of the wells, and field data collected during nine monthly water level monitor

ing events. Results and interpretations of these geological field data are presented 

in this section. Database reports of the field database files are presented in 

Section 7 .0 (Field Data) of the Data Appendix. 

4.1 GEOLOGY AND HYDROGEOLOGY 

The following sections describe the surface features of the STF site relative to its 

. geologic setting and stratigraphy, surface water hydrology and its relationships to 

observed groundwater hydrology, and regional and local characteristics of the 

groundwater hydrology. 

4.1.1 Geomorphology 

The STF site lies within the central part of the Puget Lowland physiographic 

province of western Washington. The Lowland is bounded on the east by the 

Cascade Mountains and on the west by the Olympic Mountains and Willapa Hills. · 

The portion of the Lowland in which the STF site lies is characterized by rolling hills 

and depressions that are occupied by lakes, rivers, and Puget Sound (Brown and 

Caldwell 1985). 

The site is located on a drift plain that regionally ranges in elevation from sea level 

to approximately 600 feet. The present topography is the result of glacial and 

glaciofluvial processes of the most recent glaciation, the Vashon glaciation, which 

RI APPENDIX GW 
FINAL REPORT GW4-1 916055.08 



occurred between 13,000 and 20,000 years before present. Numerous drumlins 

and kettles are scattered across the plain. The kettles are usually evident as lakes 

and swamps. 

The STF site lies within the South Tacoma Channel, a geomorphic feature produced 

during the Vashon Glaciation. The South Tacoma Channel is an outwash channel 

that was cut into the drift plain by high-velocity glacial meltwater streams. The 

Channel acted as a spillway for meltwater from glacial Lake Puyallup during the 

northward retreat of the Puget lobe of the glacier (Thorson 1980). 

4. 1 .2 Geologic History and Stratigraphy 

During the Pleistocene epoch, several Cordilleran glaciers advanced -into the Puget 

Lowland. The most recent of these (Vashon) was approximately 5,000 feet thick 

at the latitude of Seattle, approximately 1,500 feet thick over the STF vicinity, and 

had a terminus about 12 miles south of Olympia (USGS 1978). 

The surficial deposits in the Puget Lowland are largely composed of glacial and 

interglacial unconsolic:iated sediments of Pleistocene age. In the Tacoma area, the 

thickness of these deposits is estimated to be approximately 2,000 feet (Noble 

1990). The sediments were deposited during advances and retreats of glaciers 

throughout the Pleistocene epoch. Based on our interpretations of stratigraphy, 

three glacial and two interglacial climatic episodes are represented by the units 

encountered during this investigation. 

Lithologic facies common to these deposits include glacial till, advance outwash 

deposits, recessional outwash deposits, and fine-grained interglacial deposits. 

Sediments deposited during the glacial periods are typically coarse-grained and 

represent high energy environments. Sediments deposited during the interglacial 

periods are typically finer grained with abundant organic matter and represent low 
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energy environments. Both glacial and interglacial deposits were encountered in the 

subsurface during this investigation. 

The following stratigraphic correlations are based on information gathered from 

installation of monitoring wells during this investigation and on previously published 

information on the regional geology. Unit names and corresponding climatic 

episodes are based on the revised nomenclature proposed by Noble (1990). The 

units are described beginning with the youngest (i.e., shallowest) unit and ending 

with the oldest (i.e., deepest) subsurface unit encountered during this investigation. 

The uppermost unit encountered at the site was the Colvos Sand. Descriptions of 

this unit are based on boring logs from the new and existing monitoring wells at the 

STF site. Descriptions of units beneath the Colvos Sand are based on lithologic 

information from the installation of borings for monitoring wells NMW-3C and 

NMW-5C. 

Table GW-6 is summary of the subsurface geologic units that were encountered 

during this investigation using the stratigraphic nomenclature proposed by Noble 

(1990). The table also correlates units that were encountered at the STF site with 

regional hydrostratigraphic layers as defined by Brown and Caldwell (1985) and 

with units encountered in the subsurface at the Tacoma Landfill to the west. 

Descriptions of these units are presented in the following sections and are detailed 

in the boring and well construction logs (Appendix GW-A). 

Figure GW-6 is a geologic map modified after Brown and Caldwell (1985) showing 

the regional geology in the vicinity of the STF site. Modifications were made based 

on information gathered during the Phase I Groundwater Investigation. Figures 

GW-7 and GW-8 are cross sections of the stratigraphy as correlated with Brown 

and Caldwell's (1985) regional cross sections. Figure GW-9 is a cross section 

through the STF site that shows in more detail the units encountered in the 

subsurface during this investigation. 
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TABLE GW-6 

STRATIGRAPHIC CORRELATION IN THE VICINITY OF 
THE SOUTH TACOMA FIELD SITE 

Hydrostratlgraphlc 
Climatic Eplsode1al Unit Name111J 

Vashon Glaciation Vashon Drift (Ov) A 

Olympia lnterglaciation Discovery nonglacial unit (Odl A1 

Narrows Glaciation Narrows glacial unit (On) A1 
A 

Kitsap lnterglaciation Kitsap Formation (Oki B 

Flett Creek Glaciation Flett Creek glacial unit (Ofcl C 

(a) Based on interpretations presented in Noble (1990). 
(bl Based on correlations presented in Brown and Caldwell (1985). 
(cl Based on correlations presented in Black & Veatch (1990). 

GW-6 

Lay.,CltJ 
Tacoma LandfiU 

Subsurface Un1ts1al 

Vashon Till (Ovt) 
Vashon Advance (Ova) 
Colvos Sand (Oc) 
Older Gravel (Oog) 

Older Sand (Oos) 
Older Lacustrine (Ooll 

Older Till (Oot) 
Older Advance (Ooa) 

Kitsap Formation (Oki 

Not recognized 
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4.1.2.1 Vashon Drift. The Vashon Drift is the youngest formation that was 

encountered at the STF site. Regionally, the Vashon Drift consists of members 

deposited during the Vashon Glaciation, including the Steilacoom gravel, a till unit, 

and the Esperance or Colvos Sand (Noble 1990). The Vashon Drift is widely 

exposed throughout the Puget Lowland. 

Investigators of previous studies in the STF area [Brown and Caldwell 1985, 

Remediation Technologies (ReTec) 1987, and ICF 1990a] concluded that the 

uppermost exposed unit in the South Tacoma Channel was the Steilacoom gravel 

member of the Vashon Drift. The Steilacoom gravel is a deposit formed from or 

reworked by the discharge of Lake Puyallup during the retreat of the glacier 

(Walters and Kimmel 1968). Steilacoom gravel is consistently coarse grained, with 

gravels approximately 1 inch in diameter (Walters and Kimmel 1968). The 

Steilacoom gravel, if present, should be the uppermost unit encountered at the STF 

site. However, most of the boring logs from monitoring wells installed at the STF 

·\ site record finer grained deposits at the surface or beneath the fill material. This 

information suggests that the Steilacoom gravels are mostly absent in the South 

Tacoma Channel (i.e., the Colvos Sand member of the Vashon Drift is the upper

most unit encountered at the STF site). 

The Colvos Sand represents advance outwash sands and gravels that were 

deposited from meltwater streams along the leading edge of the glacier during its 

southward advance. At the STF site, the Colvos Sand consists mainly of poorly 

graded (well sorted) sand with minor gravel and silt. The sand is mostly fine- to 

medium-grained and yellowish brown in color. Grains of quartz, feldspar, and mica 

are usually identifiable. The presence of these grains often imparts a salt-and

pepper coloration to the unit, which can be a diagnostic feature of glacially 

deposited sands from northern sources (Noble 1990). The Colvos Sand is approxi

mately 50 feet thick where observed at the STF site. 

The uppermost aquifer beneath the STF site is in the Colvos Sand. The uppermost 

aquifer beneath the Tacoma Landfill to the west also is in the Colvos Sand 

RI APPENDIX GW 
FINAL REPORT GW4-4 916055.08 



(Black & Veatch 1987, 1990). The unit is correlative with the hydrostratigraphic 

layer A (Brown and Caldwell 1985) and the shallow aquifer of the City of Tacoma 

water supply wells (Carr/Associates 1991 ). The upper aquifer wells at the STF site 

are screened in the Colvos Sand. 

Beneath the Colvos Sand is a layer of gravel that varies in thickness from approxi

mately 1 7 feet to approximately 59 feet where observed in the well borings for 

NMW-3C and NMW-5C (see Figure GW-9). This gravel appears to be correlative 

with the gravel layer beneath the Tacoma Landfill known as the Older Gravel. The 

gravel layer is also correlative with hydrostratigraphic layer A. 

4.1.2.2 Discovery Nonglacial Unit. The Discovery nonglacial unit was proposed by 

Noble (1990) for nonglacial sediments deposited during the Olympia lnterglaciation. 

The unit is correlative with the hydrostratigraphic layer A 1 of Brown and Caldwell 

(1985) and with the Older Sand and Older Lacustrine units at the Tacoma Landfill. 

At the south end of the STF site (NMW-3B and NMW-3C), the Discovery unit is 

characterized by interbedded clay, silt, sand, and gravel deposits. In the northern 

portion of the site (NMW-5B and NMW-5C), the Discovery unit is absent or is 

represented by gravel and sand deposits that are similar in appearance to the 

overlying Vashon units. The Discovery nonglacial unit is approximately 37-46 feet 

thick where intersected in NMW-38 and NMW-3C. 

4.1.2.3 Narrows Glacial Unit. The Narrows glacial unit was proposed by Noble 

(1990) for a drift unit below the Discovery nonglacial unit and above the Kitsap 

Formation. At the STF site in the well borings for NMW-5B and NMW-5C, the 

Narrows glacial unit is represented by an indurated silt that appeared to be glacial 

till based on field observations. Silt was also observed at the base of the Discovery 

nonglacial unit in NMW-38 and NMW-3C (see Figure GW-9) at elevations between 

approximately 130 and 143 feet above mean sea level (MSL). This silt unit occurs 

at approximately the same elevation and stratigraphic position in the well borings 

for NMW-58 and NMW-5C and may also be glacial till. The silt unit that makes up 
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the Narrows glacial unit at the STF site is approximately 6-13 feet in thickness 

where observed in the well borings for NMW-5C and NMW-3C, respectively. 

The glacial till was also recognized beneath the Tacoma Landfill and was designated 

as the Older Till. The glacial deposit (glacial till) and the overlying nonglacial 

deposits (fine-grained units) form a continuous fine-grained unit that is correlative 

with hydrostratigraphic layer A 1 • Black and Veatch (1990) recognized that the two 

deposits were closely associated with each other and suggested that the two 

deposits form a single aquitard beneath the Tacoma Landfill, separating the 

unconfined hydrostratigraphic layer A from lower-lying water bearing zones. 

A gravel layer that is approximately 65 feet thick lies beneath the glacial till at the 

STF site. In the south portion of the site at NMW-3B and NMW-3C, the gravel 

contains sand, but finer-grained materials are rare. In the northern part of the site 

at NMW-5B and NMW-5C, silt and clay were more common in this part of the 

section and wood fragments were observed near the upper part of the section. The 

gravel unit appears to be correlative with the lower part of hydrostratigraphic layer 

A and with the Older Advance unit at the Tacoma Landfill. Wells NMW-3B and 

NMW-5C are screened in the upper portion of this gravel layer. 

4.1.2.4 Kitsap Formation. The Kitsap Formation is the nonglacial unit below the 

Narrows glacial unit and was deposited during the Kitsap lnterglaciation. The 

Kitsap Formation is correlative with hydrostratigraphic layer B and has been 

identified beneath the Tacoma Landfill. The unit has been recognized as an 

_important regional aquitard that ranges in thickness to as much as 1 50 feet 

(Walters and Kimmel 1968), but it is typically 50 feet thick (Brown and Caldwell 

1985). In previous regional studies in the vicinity of the STF site, Brown and 

Caldwell (1985) have postulated the absence of the Kitsap Formation in the South 

Tacoma Channel. This theory appears to be based on information gathered from a 

driller's log for a deep well in the South Tacoma Channel (Walters and Kimmel 

1968, Well 20/2-24A2), and on the observed thinning of the Kitsap Formation 

approaching the South Tacoma Channel (see Figure GW-7). 
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Information gathered during this investigation suggests that the Kitsap Formation is 

thin but present beneath the STF site. Fine-grained organic-rich deposits were 

intersected in the well borings for NMW-3C and NMW-5C at approximate elevations 

of 60-80 feet above MSL. Based on information gathered during this investigation, 

the thickness of the Kitsap Formation beneath the South Tacoma Channel varies 

from approximately 2 feet in the south (NMW-3C) to approximately 1 5 feet in the 

north (NMW-5C) (see Figure GW-9). 

In the southern portion of the site (NMW-3C), the Kitsap Formation consists of 

olive-gray lean clay with wood fragments and organic material. In the north 

(NMW-5C), the Kitsap Formation is represented by a 15-foot section of lean clay 

that is interbedded with sand and silt. The clay is olive gray and contains fibrous 

brown organic matter. A brownish-black organic-rich clay was observed near the 

base of the formation in the well boring for NMW-5C. The interbedded sand and 

silt is greenish black in color and the particles are volcanic in composition. 

Individual beds are on the order of 6 inches in thickness. 

4.1.2.5 Flett Creek Glacial Unit. The lowermost subsurface unit encountered at the 

STF site was the Flett Creek glacial unit. The Flett Creek glacial unit is the informal 

term introduced by Noble (1990) for drift deposits stratigraphically below the Kitsap 

Formation that were deposited during the Flett Creek Glaciation. This term includes 

all drift that is near sea level and stratigraphically below the Kitsap Formation 

(Noble 1990). The Flett Creek glacial unit is also correlative with hydrostratigraphic 

layer C (Brown and Caldwell 1985) and the "sea level aquifer" (Carr/Associates 

1991 ). Brown and Caldwell (1985) report that the top of this unit ranges from 100 

feet above sea level to 100 feet below sea level. The top of this unit at the STF 

site occurs at approximately 65 feet above MSL. 

Approximately the upper 23 feet of the Flett Creek glacial unit was intersected 

during this investigation. The unit consisted of gravel, cobbles, and boulders to at 

least 1 foot in diameter. Wells NMW-3C and NMW-5C were screened in the upper 

portion of this unit. 
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4.1.2.6 Conclusions. Based on the installation of monitoring wells for this investi

gation, the following geologic interpretations are revisions of theories proposed by 

previous investigations regarding the South Tacoma Channel and the STF site: 

• · The uppermost unit in the South Tacoma Channel within the boundary of 

the STF site is the Colvos Sand member of the Vashon Drift. This lower 

portion of this unit is saturated and forms the uppermost aquifer at the 

site. This unit appears to be continuous with the uppermost aquifer 

beneath the Tacoma Landfill to the west. 

• The Steilacoom gravels are absent or very thin in the vicinity of the STF 

site. Past interpretations by other investigators have suggested that the 

site was mantled with a layer of Steilacoom gravels. The groundwater 

recharge characteristics in the vicinity of the STF site were partially 

attributed in the past to the highly transmissive nature of the Steilacoom 

·-,. gravels (ReTec 1987). 

• The regional confining. layers that were found beneath the Tacoma Landfill 

were also found beneath the STF site. These layers were identified as 

hydrostratigraphic layers A 1 and B of Brown and Caldwell (1985). At the 

STF site, layer A 1 varies in thickness from approximately 6 to 37 feet 

where encountered during subsurface drilling. Layer B, the Kitsap 

Formation, varies from approximately 2 to 15 feet where encountered 

during drilling. 

4.1.3 Surface Water Hydrology 

This section presents a brief summary of surface water hydrology as reported in the 

STF Surface Water and Sediment Investigation Report (Kennedy/Jenks Consultants 

1992b; prepared as Appendix SW of the RI Report). The discussion of surface 
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water hydrology is presented here to provide a background for interpretation of the 

interaction of surface water and groundwater at the STF site. 

The information presented in the following paragraphs includes observations made 

during the transitional, dry, and wet seasons. Figure GW-10 shows surface water 

features as described in the STF Surface Water and Sediment Investigation Report 

(Kennedy/Jenks Consultants 1992b). 

The STF site is located within the Clover/Chambers Creek surface water drainage 

basin. An open channel is situated along most of the western boundary of the site 

(see Figure GW-10). The channel begins at the northwest corner of the site where 

a 60-inch storm drain outfall opens into a 6-foot wide channel. Surface water from 

two upgradient sub-basins discharges onto the northwest portion of the channel at 

the 60-inch storm drain outfall and a 24-inch storm drain outfall located in the 

center of Reach A (see Figure GW-10). These upgradient sub-basins drain surface 

water from a mix of land uses: residential, commercial, industrial, and open space 

(e.g., Snake Lake). 

Throughout the period of the STF Surface Water and Sediment Investigation, low 

flows were observed .,;ontinuously discharging onto the site during non-storm 

periods through the 60-inch outfall. Low flows were observed on a sporadic basis 

at the 24-inch outfall. Substantial flows discharged from both outfalls during storm 

events. 

For the STF Surface Water and Sediment Investigation, the onsite surface water 

channel was divided into four reaches based on observed hydrologic characteristics. 

These reaches were identified using alphabetic designators A through D, with 

Reach A being the farthest upstream and Reach D being the farthest downstream. 

A description of these reaches is provided below: 

• Reach A is a 1 ,400-foot long portion of the surface water channel and is 

located in the northwest corner of the STF site. Both storm drains dis-
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charge to this reach. Surface water was observed to be present in Reach 

A throughout the year of this investigation (April 1991 to April 1992). 

• Reach B continues downstream (south) from Reach A for a distance of 

approximately 2,750 feet along the western boundary in the Airport area 

into the Former Swamp/Lakebed area. Reach B begins in the north as a 

clearly defined channel and merges in its southern portion into the south 

swamp remnant area consisting of marshes and bogs. During most of the 

investigative period, surface water was only present in appreciable 

quantities in the south swamp remnant area, although some "ponding" 

along the channel comprising the northern portion of the reach was 

periodically observed. Under these conditions, water throughout the reach 

appeared to be stagnant (i.e., did not exhibit flow conditions). During 

periods of heavy or extended precipitation, surface water was present 

throughout the reach and flow conditions were evident. 

• Reach C consists of a 690-foot long segment of the channel that parallels 

the western STF site boundary and then turns to the east in the north end 

of the Former Swamp/Lakebed area. Relatively stagnant surface water 

was generally present throughout Reach C during this investigation, except 

during the dry season when water was absent from much of the reach. 

During periods of heavy precipitation (including those occurring in the dry 

season), the channel through Reach C would fill and overflow. 

• Reach D consists of the southernmost 2,100 feet of the onsite channel 

that runs east then south (parallel with Madison Street) to the site 

boundary. With the exception of a small area adjoining Reach C, this reach 

was generally dry during non-storm periods. During this investigation, 

surface water was observed to flow offsite on only four occasions 

following extended periods of precipitation (i.e., storms of approximately 1 

week in duration consisting of 2 or more inches of precipitation). The 
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accumulation of a large volume of surface water in Reach D was necessary 

to produce off site flow. 

Channel flow of off site. surface water was only observed in the transitional and wet 

seasons during and after high-intensity storm events. 0ffsite flows were measured 

at the southern site boundary where continuous monitoring was conducted. 0ffsite 

flow was observed on only four occasions during this investigation. In April 1991 

during a storm event that produced 2.82 inches of rain in a 48-hour period (data 

from McChord Air Force Base, approximately 5 miles south of the STF site). The 

total precipitation produced by the same storm system was 6.85 inches in 9 days, 

which created channel flow offsite for a 2-week period. Channel flow of surface 

water also flowed offsite during 2 days in late November 1991 after 6 days of rain. 

The third (3 February 1992) and fourth (19 February 1992) offsite flow events 

occurred after several weeks of rain. No offsite channel flow was observed in the 

dry months during this investigation. 

Based on observations of surface water conditions and existing subsurface condi

tions observed in the Former Swamp/Lakebed area, it appears that channel flow of 

surface water off site does not occur, except during major rainfall events. During 

the dry and transitional seasons, surface water is dissipated due to evaporation, 

transpiration, and infiltration through the unsaturated zone soil to recharge the 

upper aquifer at the site. 

4.1.4 Hydrogeology 

The following sections summarize the regional and local groundwater characteris

tics as related to the STF site. Further characterization of the hydraulic properties 

of aquifer zones at the STF site is being conducted as part of the Hydraulic 

Characterization Investigation. The results of the Hydraulic Characterization 

Investigation are presented in Appendix HC of the RI Report. 
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4.1.4.1 Regional Groundwater System. In general, the regional groundwater 

system in the uppermost unconfined aquifer is characterized by recharge in the 

Fircrest/Tacoma upland with shallow groundwater flow east and west to the 

Puyallup River Valley and to Puget Sound, respectively. The divide between east 

and west flow occurs in the vicinity of the South Tacoma Channel (Black & Veatch 

1990). The STF site and surrounding vicinity are located within a recharge area. 

Groundwater is presumed to flow from the recharge areas in the central portion of 

the Fircrest/Tacoma upland toward the discharge areas to the west, north, north

east, and south (Black & Veatch 1987). Puget Sound and Commencement Bay 

form sea level discharge areas to the west and north. The discharge area for the 

groundwater that flows beneath the Tacoma Landfill to the west of the site is 

Leach Creek (Black & Veatch 1990) (see Figure GW-6). 

The STF site is located within the Clover/Chambers Creek surface water drainage 

basin. The general direction of the groundwater hydraulic gradient in this basin is 

'\ southeast to northwest (Brown and Caldwell 1985). This hydraulic gradient 

( direction coincides with the hydraulic gradient direction observed in the upper 

aquifer at the STF site when the City of Tacoma is not pumping from the wellfield 

to the east of the site. The character of, and seasonal changes _in, the shallow 

groundwater hydraulic gradient direction are described _in Section 4. 1.4.2. 

4. 1.4.2 Local Groundwater System. Based on available potentiometric surface 

data, the STF site appears to lie within a groundwater recharge area. Based on 

preliminary information gathered during the Surface Water and Sediment 

Investigation of the STF RI, it appears that precipitation and surface water from the 

open channel in the northwestern portion of the site does not flow offsite as 

surface water, except during major rainfall events. Surface water is believed to 

dissipate by evaporation, transpiration, and infiltration downward through the 

unsaturated zone as recharge to the saturated zone. 

The unsaturated zone at the STF site is composed mainly of the upper portion of 

the Colvos Sand unit. Other local deposits comprising the uppermost unsaturated 
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zone include fine-grained sediment and organic material in the Former Swamp/ 

Lakebed area and areas of fill material. The uppermost portion of the saturated 

zone, or upper aquifer, at the STF site is within the Colvos Sand unit, as described 

in Section 4.1.2. Most of the wells at the STF site are screened in the uppermost 

part of the Colvos Sand in poorly graded to well graded, fine- to medium-grained 

sand. Where observed, the lower portion of the upper aquifer consists mainly of 

gravel. 

The top of the saturated zone was encountered at depths ranging from near ground 

surface in the Former Swamp/Lakebed area to approximately 35 feet BGS in the 

southeastern portion of the site. However, maximum potentiometric head differ

ences in each uppermost aquifer well were on the order of 6 feet throughout the 

year. The surface housing above monitoring well CBS-SA, in a low portion of the 

Former Swamp/Lakebed area, was observed to be submerged under approximately 

1.5 feet of surface water during the April monthly water level monitoring event. 

The depth to the uppermost saturated zone varies seasonally, a difference on the 

order of 10 feet over much of the site. These seasonal variations in depth to the 

unsaturated zone are dependent on climatic conditions and pumping of the City of 

Tacoma wellfield to the east of the site. 

Figures GW-11 through GW-24 are contour maps of the potentiometric surface of 

the upper aquifer for the months of April 1991 through Mcirch 1992. The locations 

of the City of Tacoma production wells 4A, 6A, and 11 A are also shown in Figures 

GW-11 through GW-24. (The letter designation "A" for the City of Tacoma wells 

bears no relation to the "A" designation used for monitoring wells during this 

investigation). The contour maps show the estimated hydraulic gradient directions 

for the days the groundwater levels were measured. The maps illustrate the 

seasonal variations in groundwater levels and seasonal reversals in hydraulic 

gradient due to pumping of the City of Tacoma production wells. The hydraulic 

gradient directions are used in this report as approximations of the groundwater 

flow directions in the upper aquifer under isotropic conditions. Most field condi

tions are anisotropic, however, and actual flow directions vary accordingly. The 
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water level elevations in upper aquifer wells were initially contoured using the 

triangular network program pcTIN Version 2.20. Modifications were manually made 

to the computer-generated contour lines based on observations of field conditions. 

Because water level data were not available for the City of Tacoma pumping wells, 

contours· were estimated based on known information. 

The South Tacoma Channel in the vicinity of the STF site appears to act as a local 

recharge area for groundwater. The natural hydraulic gradient (when not influenced 

by regional pumping) in the upper aquifer appears to be from the southeast to the 

northwest across the site, following the regional pattern of hydraulic gradient 

directions described in Section 4. 1.4. 1. The natural hydraulic gradient direction in 

the west central portion of the site appears to be to the west, toward the Tacoma 

Landfill (see Figure GW-12). A steep hydraulic gradient exists throughout the year 

in the southwestern portion of the site, where the assumed groundwater flow 

direction observed during this investigation was always from the east to the west. 

The hydraulic gradient direction was observed to vary from the northwest to the 

southwest in the southwestern portion of the site. 

Based on available potentiometric surface data for the upper aquifer, a natural 

groundwater divide appears to be located in the vicinity of the South Tacoma 

Channel. This divide shifts to the west toward or in the vicinity of the Tacoma 

Landfill when the City of Tacoma production wells are pumping (Black & Veatch 

1987). The presence of this divide in the vicinity of the South Tacoma Channel 

appears to be due in part to the absence of the poorly transmissive glacial till unit. 

that typically overlies the Colvos Sand in the region. The more highly transmissive 

Colvos Sand is exposed in the South Tacoma Channel and should promote more 

rapid infiltration of precipitation and surface water through the unsaturated zone 

into the saturated zone. Other subsurface features, such as aquifer grain size 

variations and aquifer thickness variations, also may have an impact on recharge 

characteristics of the aquifer. 

RI APPENDIX GW 
FINAL REPORT GW4-14 916055.08 



During times when the City of Tacoma was not pumping from the wellfield to the 

east of the STF site (April, early May, and November through March), groundwater 

in the upper aquifer appears to have mounded in the southern portion of the site. A 

recharge mound centered in the vicinity of Amsted during the 11 April 1991 

monitoring event may have been due to precipitation events that occurred in March 

and early April. More than 6 inches of rain fell on McChord Air Force Base to the 

south of the STF site during the first week in April. The actual location of the 

center of the mound may have been to the west of the Amsted property in the area 

of the open channel or Former Swamp/Lakebed area. 

Hydraulic gradient reversals have been documented in the past for the STF site and 

the Tacoma Landfill to the west (Black & Veatch 1987, 1990). These reversals 

occurred in the upper aquifer and were caused by pumping of the City of Tacoma 

production wells to the east. Pumping of these wells began in early May 1991 and 

continued until early October 1991. Most of the pumping of nearby production 

wells during these months was conducted from wells 6A and 11 A. Well 4A was 

pumped only during the mqnths of July and August 1991 (Gibson, C., 4 December 

1991, personal communication). Production wells 4A, 6A, and 11 A are screened 

at various intervals, beginning at an uppermost elevation of approximately 190 feet 

above MSL to a lowermost elevation of approximately 75 feet above MSL in well 

4A. The upper elevation of 190 feet above MSL roughly corresponds with the 

elevation of the lower part of the upper aquifer at the STF site. Most of the 

groundwater production this year was from well 11A (Gibson, C., 4 December 

1991 , personal communication), which is screened entirely in the interval desig- . 

nated by Carr/Associates (1991) as the shallow aquifer. The shallow aquifer 

appears to be correlative with part of the upper aquifer at the STF site. 

The potentiometric surface in the upper aquifer at the STF site was affected 

throughout most of the site by pumping of the City of Tacoma production wells 

during the monthly monitoring events of June through October 1991 (see Figures 

GW--13 through GW-18). The Tacoma Landfill wells that were used as upgradient 

wells during this investigation (TL-1 2A, TL-1 3A, TL-14A, and TL-23A) are located 
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in the area affected by gradient reversals during pumping (see Figures GW-11 

through GW-18). These wells were actually hydraulically upgradient of the STF site 

only during times of gradient reversals (approximately half of the year) and were 

hydraulically downgradient of the STF site during other times of the year. 

The hydraulic gradient reversals are characterized by a cone of depression that 

usually appears to be centered on the City of Tacoma production wells 6A and 

11 A. During the monthly monitoring events of June and July, only the central 

section of the STF site appeared to be affected by gradient reversals (see Figures 

GW-13 and GW-14). During the monthly monitoring events of August, September, 

and October, gradient reversals were also observed in upper aquifer at the northern 

end of the site (see Figures GW-15 through GW-18). The extreme southwest 

corner of the STF site is the only area apparently unaffected by these gradient 

reversals, with the estimated hydraulic gradient direction always toward the 

southwest, west, or northwest when observed during this investigation. The 

hydraulic gradient appears to be less steep, however, during the months of 

pumping the City of Tacoma production wells. 

Two well clusters were installed during this investigation. These well clusters were 

numbered NMW-3 and -NMW-5. Three wells were installed in each cluster, and the 

wells were designated with the letters A, B, and C indicating screening of the 

upper, intermediate, and deep aquifers, respectively. Figure GW-9 is a cross 

section through the two well clusters that shows the locations of the screened 

intervals of the well clusters with respect to the site stratigraphy. Measured 

differences in hydraulic heads for the well clusters during the monthly water level 

monitoring events showed a vertical downward gradient at both well clusters. This 

downward gradient indicates a net downward flow of groundwater over time from 

the upper aquifer to the intermediate and deep aquifers. 
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Laboratory measurements of vertical hydraulic conductivity were performed on soil 

samples collected from the upper aquifer. Porosity was also calculated for these 

samples. Results of these measurements are presented in Section 5.4. Further 

characterization of the upper, intermediate, and deep aquifer and possible inter

communication among the aquifer zones is described in the Hydraulic 

Characterization Investigation Report (see Appendix HC of the RI Report). 
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5.0 LABORATORY ANALYTICAL RESULTS 

Analytical results for groundwater sampling are summarized in this section. 

Database printouts of these analytical results, including laboratory and data 

validation qualifiers, are provided in Section 7 .0 of the Data Appendix. 

Soil samples were collected from the upper aquifer during the drilling of well 

borings. Groundwater samples were collected from 26 wells during all four 

quarters of groundwater sampling. Groundwater samples from these 26 wells plus 

three background wells were collected during the second and fourth quarter 

sampling events. Two additional background wells, CBS-5A and CBS-9A, were 

included in the 26 wells sampled for all four quarters. Groundwater samples from 

five upgradient wells were also collected during the second and fourth quarter 

sampling events. Table GW-7 lists the laboratory analyses and field measurements 

that were performed on soil samples from the upper aquifer and on groundwater 

samples collected during all four quarters. 

The presentation of analytical results is organized into the following subsections: 

inorganics, organics (PAHs, voes, and semivolatiles), ancillary parameters, geo

technical parameters, and field measurements. The inorganic and organic discus

sions contain a summary of occurrences for each analyte detected in samples 

collected from background and upgradient wells, followed by a summary of 

occurrences for each analyte detected in samples collected from onsite wells. 

Analytes that were detected in transfer, trip, or rinsate blanks are also discussed, 

where applicable. Duplicate analytical results are discussed in the Data Validation 

Reports (Section 8.0 of the Data Appendix) and are not discussed in this report. 

Summary tables for the detected analyte concentrations for each well sampled are 

presented in Appendix GW-C (Tables GW-C1 through GW-C36). 
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TABLE GW-7 

ANALYTICAL PARAMETERS FOR SAMPLES COLLECTED 
DURING THE GROUNDWATER INVESTIGATION 

Subsurface Soil181 

Soil Analysis Upper Aquifer 
Geotechnical Parameters 

• Particle size distribution X 
• Porosity X 
• Vertical hydraulic conductivity X 

First Quarter Second Quarter Third Quarter 
Water Analysis (April 1991) (July/August 1991) (October/November 1991) 

Target Compound List 
• PAHs1bl X X X 
• Volatile organic compounds X X X 
• Semivolatiles (BNAs)101 X X 
• PCBsldl /pesticides X 
• Metals (excludes CrVI) 

- Total X X X 
- Dissolved181 X 

• Cyanide (Total)181 X xm 
Additional Analysis 

• Boron X X 
• Total dissolved solids (TDS) X 
• Total suspended solids (TSS) X 
• Total organic carbon (TOC) X 
• pHlgl X X X 
• Specific conductancelgl X X X 
• Temperaturelgl X X X 

(a) Collected during drilling of soil borings. 

,~ 

Fourth Quarter 
(January 1992) 

X 
X 
X 
X 

X 
X 
X 

X 
X 
X 
X 
X 
X 
X 

(b) PAHs = Polynuclear aromatic hydrocarbons. 
(c) BNAs = Base/neutral/acid extractables; only selected wells were sampled for BNAs during the third quarter. 
(d) PCBs = Polychlorinated biphenyls. 

GW-7 

(e) Only selected wells were sampled for dissolved metals. 
(f) Only selected wells were sampled for cyanide during the third quarter. 
(g) Field measurements. 
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5. 1 INORGANIC$ 

The following sections contain discussions of the occurrences of inorganics 

detected in groundwater samples during all four quarters of groundwater sampling. 

Twelve of the groundwater samples collected during the third and fourth quarters 

were filtered and analyzed for metals. Those results are discussed in Section 

5.1.26. Table GW-8 provides a summary of the number of onsite wells in which 

inorganic analytes exceeded the Federal Safe Drinking Water Act (SDWA) existing 

and proposed Maximum Contaminant Levels (MC Ls), Action Levels (A Ls), Maximum 

Contaminant Level Goals (MCLGs), and Secondary Maximum Contaminant Levels 

(SMCLs). 

Table GW-9 provides a comparison of inorganic analyte concentrations detected in 

samples collected from onsite wells to naturally occurring groundwater concentra

tions and concentrations detected in samples collected from background wells. 

Table GW-10 is a preliminary statistical summary of inorganic analyte concentra

tions detected in samples collected from background '{Yells during the second and 

fourth quarters. Statistics were calculated using the methods described in Section 

3.5. 

Concentrations of inorganics detected in samples collected from background wells 

are assumed, for the purposes of this investigation, to represent naturally occurring 

groundwater conditions in the upper aquifer in the vicinity of the STF site. Based 

on the complex groundwater flow regime that is characterized by seasonal gradient 

reversals, the shallow occurrence of groundwater in a highly transmissive forma

tion, and the potential for contamination from multiple sources in an industrial area, 

it is possible that the concentrations of some of the inorganic analytes detected in 

samples collected from background wells do not reflect naturally occurring ground

water conditions. 
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Existing 
MCL or AL 

Analyte t,,g/U 

Al _ _(cl 

Sb ---
As 50 

Ba 1,000 

Be --
Blel ---
Cd 5 
calel ---
Cr 100 
cofel --
Cu 1,300111 

CN ---
Fe --
Pb 15(f) 

Male) --
Mn -
Ha 2 

Ni ---
Kl•I -
Se 50 

Ag 5ofhl 

Nale) --
Tl -
yl•I -
Zn --

GW-8 

TABLE GW-8 

SUMMARY OF THE NUMBER OF ONSITE WELI.S IN WHICH INORGANIC ANAL YTES EXCEEDED 
FEDERAL EXISTING AND PROPOSED MCLs, Als, MCLGs, AND SMCLs1•1 

No. of Well• Existing No. of Wells Proposed No. of Wells Proposed No. of Wells Existing No. of Wells 
ex..:;_w.yg MCLG Exceed;r:p MCL Exceeding MCLG Exceeding SMCL Excee~ 

tpg/U MCLG tpg/U Proposed MCL lb) tpg/U Proposed MCLG(b) t,,g/U SMCL 

-- --- -- -- --- -- - - -
--- - -- 5 or 10 */*/2*/1 *Cdl 3 */*/2*/1 *Cdl - --

1 /0/0/0 -- --- -- --- - -- -- -
0/0/0/0 -- --- 2,000 0/0/0/0 2,000 0/0/0/0 -- --

-- -- --- 1 •toto/21dl 0 • t• t• 13 •fdl -- --
- --- -- --- --- - -- - ---

0/0/0/0 5 0/0/0/0 -- -- - -- -- --
- -- -- - - --- -- -- ---

0/0/0/0 100 0/0/0/0 --- -- - -- -- --
- -- -- -- --- -- --- -- --

0/0/0/0 1,300 0/0/0/0 - -- --- -- 1,000 0/0/0/0 

-- --- -- 200 NSCgl /0/0/0 200 NS(gl /0/0/0 --- --
- -- -- -- -- -- - 300 16/10/14/9 

1/1/0/1 0 1 • /11 • /1 • /12 • 1dl - - -- -- -- --
- -- ·, --- -- --- - -- - -
- - -- - -- -- -- 50 13/1 2/14/10 

0/0/0/0 2 0/0/0/0 - -- - --- -- --
- -- - 100 1/1/0/1 100 1/1/0/1 -- -
-- -- -- - -- -- - - -

0/0/0/0 50 0/0/0/0 - -- - - - -
- - - - -- - - - -
- -- - - -- - -- - -
-- - -- 2 or 1 */0/0/0ldl 0.5 • t• /* t•fdl - -
- - --- - - - - - -
- - -- - - -- -- 5,000 0/0/0/0 

Page 1 of 2 

Proposed No. of Wells 
SMCL Exceeding 
tpg/U Proposed SMCL Cb) 

50 11 /11/10/4 

- -
-- -
-- --
- -
-- --
- -
-- --
- -
-- -

--. 
-- -
- -· 

--
-- -
- -
- --
-- -
-- -
- -

100 0/0/0/0 

-- -
- -
- -
- -

916055.08 



TABLE GW-8 

SUMMARY OF THE NUMBER OF ONSITE WELLS IN WHICH INORGANIC ANAL YTES EXCEEDED 
FEDERAL EXISTING AND PROPOSED MCLs, ALs, MCLGs, AND SMCLs1•• 

Page 2 of 2 

Cal Drinking Water Regulations under the Safe Drinking Water Act, as amended (MCL = Maximum Contaminant Level; AL = Action Level; MCLG = Maximum Contaminant Level Goal; SMCL = Secondary Maximum Contaminant 
Levell. 

(b) The format of the four numbers shown in this column refers to the four quarters of groundwater sampling (i.e., 1st quarter/2nd quarter/3rd quarter/4th quarter). 
(cl "--" indicates the MCL, AL, MCLG, or SMCL, existing or proposed, was not applicable. 
(di The symbol "•" indicates the laboratory detection limit exceeded the MCL or MCLG. If a number is also present, that number indicates the number of wells in which the concentration exceeded the detection limit. 
(el MCLs, ALs, MCLGs, and SMCLs (existing or proposedl do not exist for these analytes. 
(fl Concentrations indicate ALs that, if exceeded in drinking water supplies, would require source treatment. 
(gl NS = Not sampled for that analyte. 
(hi Effective until 30 July 1992. 
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TABLE GW-9 

COMPARISON OF INORGANIC ANALYTE CONCENTRATIONS 
DETECTED IN ONSITE WELLS TO 

NATURALLY OCCURRING CONCENTRATIONS IN GROUNDWATER 
AND CONCENTRATIONS DETECTED IN BACKGROUND WELLS 

Naturally Occurring 
Range of Concentrations in Concentrations in 

Analyte Onsite Wells (pg/L) Groundwater (pg/L)1~1 
Range of Concentrations ,i? 
Background Wells (pg/L) 

Al < 16.0 - 5,940 <5.0 - 1,000 < 16.0 - 10,500 

Sb < 11.0 - 50.7 < 100101 < 11 .0 - < 20.0 
As <1.0 - 50.9 < 1 .0 - 30 (4,000) < 1.0 - 9.0 

Ba <2.0 - 500 10 - 500 <2.0 - 159 

Be < 1.0 - <2.31dl <10 <1.0 

B 20.2 - 1,940 20 - 1,000 (5,000) <19.0- 184 
Cd <1.0 - <3.0 <,.o <1.0 - <4.6 

Ca 3,470 - 109,000 1,000 - 150,000 9,490 - 78,300 
Cr <3.3 - 9.9 <1.0- 5.0 <5.0- 41.1 

Co <3.0 - 218 <10 <3.0 - 16.1 

Cu <1.0 - 19.7ldl < 1.0 - 30 < 1.0 - 112 

Fe < 11.0 - 31,000 10 - 10,000 13.6 - 28,800 

Pb <0.7 - 58.9 <15 <' 01'? <1.0 - 33.4 . 
Mg 1,300 - 93,800 1,000 - 50,000 6,440 - 48,300 

Mn < 1.0 - 5,200 O°' . ; ..,o <1.0 - 1,000 < 1.0 - 896 

Hg <0.1 - <0.4 
~ 

~;'~ <1.0 <0.2 , . _...,...-~ ,J 

Ni <6.7-1,950 .:J 
. 

< 10 - 50 <8.0 - <44.0 

K <643 - 6,940 1,000 - 10,000 1,080 - 8,280 

Se < 1.0 - 26.8ldl <1.0 - 10 <1.0 - <30.0 
Ag <3.0 - 10.6 <5.0 <4.0 - <6.0 

Na 3,500 - 234,000 500 - 120,000 5,190 - 514,000 

Tl <1.0 - <7.5 < 1001c) <1.0 - 2.2 

V <3.3 - 30.5 < 1.0 - 10 <4.0 - 36.5 

Zn <2.0 - 726 <10 - 2,000 <2.0 - 170 

(a) Dragun (1988). Numbers in parentheses are extreme values of naturally occurring elements. 
(bl Includes second and fourth quarters of background well sampling. 
(c) Freeze and Cherry (1979). 
(d) For some analytical results, U qualifier indicates that U value exceeded maximum value shown. 

Upper limit of Be values was < 2.6. Upper limit of Cr values was < 41 .1 for background and 
<21.5 for onsite. Upper limit of Cu values was <21.0. Upper limit of Se values was <30.0. 
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Analyte 

Al 

Sb 

As 

Ba 

Be 

B 

Cd 

Ca 

Cr 

Co 

Cu 

Fe 

Pb 

Mg 

Mn 

Hg 

Ni 

K 

Se 

Ag 

Na 

Tl 

V 

Zn 

TABLE GW-10 

STATISTICAL SUMMARY OF 
2ND AND 4TH QUARTER INORGANIC RESULTS FOR 

BACKGROUND WELLS'a.bl 

Minimum Maximum Mean Standard 
Concentration Concentration Concentration Deviation 95% UCL 

(pg/L) (pg/L) (pg/L) (pg/L) (pg/L) 

<16.0 10,500 1,490 3,280 3,840 

<11.0 <20.0 7.75 2.40 9.45 

<1.0 9.0 3.0 3.5 5.5 

<2.0 159 38 49 74 

<1.0 <1.0 0.5 0 0.5 

<19.0 184 64.3 65.5 111 

<1.0 <4.6 0.93 0.54 1.3 

9,490 78,300 29,100 21,300 44,~00 

<5.0 <41.1 5.4 5.7 9.5 

<3.0 16.1 4.2 4.6 7.4 

<1.0 112 17.4 36 43 

13.6 28,800 9,190 12,500 18,100 

<1.0 33.4 5.2 10 13 

6,440 48,300 16,300 14,300 26,500 

<1.0 896 390 390 660 

<0.2 <0.2 0.1 0 0.1 

<8.0 <44.0 7.8 5.4 12 

1,080 8,280 2,980 2,110 4,490 

<1.0 <30.0 2.4 4.5 5.6 

<4.0 <6.0 2.5 0.53 2.9 

5,190 514,000 66,000 159,00 179,000 

<1.0 2.2 0.67 0.54 1.0 

<4.0 36.5 7.6 11 15 

<2.0 170 30 55 69 

Number of 
Detects 

6 

0 

3 

6 

0 

8 

0 

10 

1 

3 

3 

9 

5 

10 

8 

0 

0 

10 

0 

0 

10 

1 

4 

3 

(a) The five background wells are CBS-SA, CBS-9A, WCC-2, TL-16, and 89.7-P1. Each well was sampled 
twice for a total of 10 samples. 

(b) Methods of calculation are described in text. Rounding of numbers was not completed until the final 
calculation of the 95-percent upper confidence limit (95% UCL) using the student's t-test. However, 
numbers reported in this table include the appropriate number of significant figures. If an analyte was 
report as undetected, the concentration was assumed to be one-half the reported detected limit for 
purposes of statistical calculations. 
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5.1.1 Aluminum 

Aluminum was detected in samples collected from two background and three 

upgradient wells during the first quarter. During the fourth quarter, aluminum was 

detected in samples collected from three background and three upgradient wells. 

The highest concentration of aluminum (28,800 µg/L) for all wells sampled during 

this investigation was detected in a sample collected during the second quarter 

from offsite and upgradient well CBS-1 OA. 

Aluminum was detected in samples collected from 11 onsite wells during the first 

quarter, 11 onsite wells during the second quarter, 11 onsite wells during the third 

quarter, and 5 onsite wells during the fourth quarter. Concentrations exceeded the 

proposed SMCL of 50 µg/L (see Table GW-8) for aluminum in all the wells in which 

aluminum was detected during the first, second, and fourth quarters. Ten of the 11 

samples from the third quarter exceeded the proposed SMCL. The highest onsite 

concentrations of aluminum were detected in groundwater samples collected from 

NMW-4A (5,940 µg/L during the first quarter), NMW-3A (5,760 µg/L during the 

second quarter), NMW-1 A (2,290 µg/L during the third quarter), and NMW-2A 

(453 µg/L during the fourth quarter). Concentrations of aluminum detected in 

onsite and upgradient wells are shown in Figure GW-25. 

Aluminum was detected in samples collected from wells at locations throughout the 

site and in background and upgradient wells. Concentrations of aluminum detected 

in onsite wells were within the range of concentrations detected in background 

wells and mostly within the range of concentrations naturally occurring in ground

water (see Table GW-9). No wells exceeded the range of background well 

concentrations. 

Aluminum is a metal that is a major constituent of the clay minerals. Naturally 

occurring concentrations of dissolved aluminum in groundwater typically range from 

< 5.0 to 1,000 µg/L (Dragun 1988). Higher concentrations of aluminum are likely 

to be detected in wells for which total metals analyses results are obtained rather 
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than dissolved metals. These higher aluminum concentrations would be expected 

due to the abundance of aluminum in clay minerals and other naturally occurring 

mineral species that are likely to be present as suspended solids in groundwater. 

Based on the widespread distribution of aluminum in samples collected from onsite, 

background, and upgradient wells, the presence of suspended solids that likely 

were composed of clay minerals, and the analysis for total metals (vs dissolved 

metals), it appears likely that much of the aluminum detected in groundwater 

collected from onsite wells is naturally occurring in suspended sediment. Section 

5.1.26 describes the filtered vs unfiltered results that are the basis for this 

conclusion. 

5. 1.2 Antimony 

·• .. " Antimony was not detected in samples collected from background wells during the 

·( second and fourth quarters. Antimony was detected in two upgradient wells: 

TL-12A at a concentration of 24.2 pg/L during the second quarter, and TL-23A at a 

concentration of 14.4 µg/L during the fourth quarter. Antimony was not detected 

in samples collected from onsite wells during the first and second quarters. 

Antimony was detected in onsite wells CBS-SA and MW-3A at concentrations of 

50.7 and 40.9 pg/L, respectively, during the third quarter. Antimony was also 

detected in CBS-SA during the fourth quarter at a concentration of 13.3 pg/L. The 

proposed MCL for antimony of 5 or 10 pg/L was exceeded for all wells in which 

antimony was detected. The detection limits for antimony exceeded the proposed 

MCL for all groundwater samples collected during all quarters. Concentrations of 

total antimony detected in samples collected from onsite and upgradient wells are 

shown in Figure GW-26. 

Antimony is a semi-metal or metalloid that occurs as a trace element in 

groundwater. Naturally occurring concentrations of antimony in groundwater are 

expected to be < 100 µg/L (Freeze and Cherry 1979). 
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5.1.3 Arsenic 

Arsenic was detected at a concentration of 9.0 µg/L in one background well, 

CBS-9A, sampled during the second quarter. During the fourth quarter, arsenic was 

detected in background wells CBS-9A and TL-16A at concentrations of 8. 7 and 

6.1 µg/L, respectively. Arsenic was detected at a concentration of 7 .8 µg/L in one 

offsite and upgradient well, CBS-1 0A, sampled during the second quarter, and in 

one upgradient well, TL-23A, at a concentration of 16. 7 µg/L during the fourth 

quarter. 

Arsenic was detected in 1 onsite well (NMW-2A) sampled during the first quarter, 

10 wells sampled during the second quarter, 10 wells sampled during the third 

quarter, and 11 wells sampled during the fourth quarter. Only one onsite well 

(NMW-2A) sample exceeded (50.9 µg/L) the MCL for arsenic (50 µg/L) during the 

first quarter. Concentrations of arsenic detected in samples collected from all 

onsite wells during the second, third, and fourth quarters were below the MCL for 

arsenic. Concentrations of total arsenic detected in groundwater samples collected 

from onsite and upgradient wells are shown in Figure GW-27. 

Arsenic is a semi-metal or metalloid that occurs as a trace element in groundwater 

at concentrations typically < 100 µg/L (Freeze and Cherry 1979). Concentrations 

of arsenic are usually expected to range from < 1.0 to 30 µg/L, but extreme values 

of naturally occurring arsenic could be as much as 4,000 µg/L (Dragun 1988). 

5.1.4 Barium 

Barium was detected in samples collected from four background wells and five 

upgradient wells during the second quarter, and from two background wells and 

one upgradient well during the fourth quarter. Barium was detected in samples 

collected from 21 onsite wells during the first quarter, 23 onsite wells during the 

second quarter, 3 onsite wells during the third quarter, and 1 0 onsite wells during 
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the fourth quarter. Barium did not exceed the current MCL of 1 ,000 µg/L, the 

proposed MCL of 2,000 µg/L, or the proposed MCLG of 2,000 µg/L in any of the 

samples collected from onsite wells during the four quarters of sampling (see Table 

GW-8). Concentrations of total barium detected in groundwater samples collected 

from onsite and upgradient wells are shown in Figure GW-28. 

Barium is an alkaline earth metal that is naturally occurring in groundwater. 

Concentrations of barium detected in samples collected from onsite wells were 

within the range of naturally occurring barium concentrations in groundwater (see 

Table GW-9). Barium concentrations in one onsite well, CBS-SA, exceeded the 

upper limit of the range of concentrations detected in samples collected from 

background wells. Barium was detected at a concentration of 282 µg/L in a sample 

collected during the second quarter from upgradient well CBS-1 0A. This concentra

tion exceeded the upper limit of the background well concentration range (i.e., 58.5 

µg/L). 

5.1.5 Beryllium 

Beryllium was not detected in samples collected from background or upgradient 

wells. However, the detection limit for beryllium ( 1 . 1 µg/L) exceeded the proposed 

MCL of 1 µg/L for samples collected during the first quarter; therefore, comparison 

of groundwater quality with that criteria is not possible. Beryllium was not 

detected at a detection limit of 1 .0 µg/L in samples collected from onsite wells 

during the second and third quarters. Beryllium was detected in three onsite wells, 

CBS-3A, STM-3A, and STM-4A, at concentrations of 1.0, 2.3, and 1.3 µg/L, 

respectively, during the fourth quarter. These concentrations exceeded the 

proposed MCL. Detection limits for beryllium during all four quarters exceeded the 

proposed MCLG (0 µg/L) for beryllium (see Table GW-8). Concentrations of 

beryllium detected in samples collected from onsite wells are shown in 

Figure GW-26. 
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Beryllium is an alkaline earth metal that is naturally occurring in groundwater. 

Naturally occurring beryllium typically is present in groundwater at concentrations 

< 10 µg/L (Dragun 1988). 

5.1.6 Boron 

Boron was detected in samples collected from four background wells and three 

upgradient wells during both the second and fourth quarters. Concentrations of 

boron detected in samples collected from background wells during the second 

quarter ranged from undetected at < 19.0 to 184 µg/L. 

Boron was detected in samples collected from all 26 onsite wells during the second 

quarter. During the third quarter, boron was detected in 22 onsite wells. Boron 

was detected in samples collected from 18 onsite wells during the fourth quarter. 

Boron analyses were not performed on samples collected from onsite wells during 

the first quarter. The highest concentration of boron ( 1 ,940 µg/L) was detected in 

a sample collected during the fourth quarter from onsite well CBS-SA. MCLs, Als, 

MCLGs, and SMCLs do not exist and have not been proposed for boron. 

Concentrations of boron detected in samples collected from onsite and upgradient 

wells are shown in Figure GW-29. 

Boron is a semi-metal or metalloid that occurs naturally in groundwater. Typical 

concentrations of boron in groundwater commonly range from 20 to 1,000 µg/L, 

although extreme concentrations of as much as 5,000 µg/L of naturally occurring 

boron have been reported (Dragun 1988). 

5.1. 7 Cadmium 

Cadmium was not detected in samples collected from background, upgradient, or 

onsite wells during the groundwater investigation. Cadmium is a metallic element 
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that is naturally occurring in groundwater. Typical concentrations of cadmium in 

groundwater are expected to be < 1.0 µg/L (Dragun 1988). 

5.1.8 Calcium 

Calcium was detected in samples collected from all background and upgradient 

wells during the second and fourth quarters, and all onsite wells during all four 

quarters. MCLs, Als, MCLGs, and SMCLs do not exist and have not been pro

posed for calcium. The range of calcium concentrations detected in samples 

collected from background and onsite wells is provided in Table GW-9. 

Calcium is an alkaline earth metal and is a major component of the solutes that are 

naturally occurring in groundwater. Naturally occurring concentrations of calcium 

are expected to range from 1,000 to 150,000 µg/L (Dragun 1988). Concentrations 

of calcium detected in samples collected from onsite wells were well within the 

range of naturally occurring concent.rations expected to be detected in 

groundwater. 

5.1.9 Chromium (Total) 

Chromium was detected in samples collected from one background well and two 

upgradient wells during the second quarter. Concentrations of chromium in 

background wells ranged from < 5.0 to 9.2 µg/L in well TL-16A. Chromium was 

detected at a concentration of 48.5 µg/L in offsite and upgradient well CBS-10 

during the second quarter. This concentration is significantly higher than concen

trations detected in samples collected from onsite and background wells and 

naturally occurring concentrations in groundwater. Chromium was not detected in 

samples collected from background or upgradient wells during the fourth quarter. 
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Chromium was detected in samples collected from 1 2 onsite wells during the first 

quarter, and from 2 onsite wells during the third quarter. Chromium was not 

detected in samples collected from onsite wells during the second and fourth 

quarters. The highest concentration of chromium (9.9 µg/L) was detected in a 

· sample collected during the first quarter from onsite well NMW-2A. Chromium 

concentrations detected in samples collected from onsite wells did not exceed the 

MCL of 100 µg/L or the MCLG of 100 µg/L during any quarter. Concentrations of 

total chromium detected in groundwater samples collected from onsite and 

upgradient wells are shown in Figure GW-30. 

Chromium is a transition metal that occurs naturally in groundwater at concentra

tions ranging from < 1.0 µg/L to approximately 5.0 µg/L (Dragun 1988). Hem 

(1989) reports that concentrations of chromium are commonly < 10 µg/L in natural 

waters that have not been affected by waste disposal. 

5.1.10 Cobalt 

Cobalt was detected in samples collected from twQ background wells and two 

upgradient wells during the second quarter. During the fourth quarter, cobalt was 

detected in samples collected from one background well and from one upgradient 

well. Concentrations of cobalt in background wells ranged from < 3 µg/L to 

16.1 µg/L. Cobalt was detected at a concentration of 46.2 µg/L in a sample 

collected from off site and upgradient well CBS-1 0A during the second quarter. This 

concentration is higher than naturally occurring concentrations and concentrations 

detected in samples collected from background wells. 

Cobalt was detected in samples collected from two onsite wells during the first 

quarter, five onsite wells during the second quarter, one onsite well during the third 

quarter, and four onsite wells during the fourth quarter. The highest concentrations 

of cobalt detected in the first, second, and fourth quarters were in onsite well 

NMW-4A (i.e., 218 µg/L in the first quarter, 51.6 µg/L in the second quarter, and 
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13.7 µg/L in the fourth quarter). During the third quarter, cobalt was detected in 

onsite well NMW-2A at a concentration of 20.8 µg/L. MCLs, Als, MCLGs, and 

SMCLs do not exist and have not been proposed for cobalt. Concentrations of total 

cobalt detected in samples collected from onsite and upgradient wells are shown in 

Figure GW-26. 

Cobalt is a transition metal that occurs naturally in groundwater at concentrations 

usually < 10 µg/L (Dragun 1988). 

5.1.11 Copper 

Copper was detected in samples collected from two background wells and two 

upgradient wells during the second quarter, and from one background well and one 

upgradient well during the fourth quarter. Concentrations of copper detected in 

background wells during the second quarter ranged from < 1 .0 to 44. 7 µg/L. 

During the fourth quarter, copper w_as detected at a concentration of 11 2 µg/L in 

background well TL-16. The highest detected concentration (80.1 µg/L) of copper 

was in the sample collected from offsite, upgradient well CBS-1 0A during the 

second quarter. 

Copper was not detected in samples collected from onsite wells during the first 

quarter, but copper was detected in six onsite wells during the second quarter. 

Copper was detected in one onsite well during the third quarter and in three onsite 

wells during the fourth quarter. Copper did not exceed the AL of 1 ,300 µg/L, the 

MCLG of 1 ,300 µg/L, or the SMCL of 1 ,000 µg/L in samples collected from onsite 

wells during any quarter. Concentrations of total copper detected in samples 

collected from onsite and upgradient wells are shown in Figure GW-26. 

Copper is a metallic element that commonly occurs in groundwater at concentra

tions ranging from < 1.0 to 30 µg/L (Dragun 1988). Concentrations of copper 
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detected in onsite wells did not exceed the upper limits detected in samples 

collected from background wells or naturally occurring in groundwater. 

5. 1. 12 Cyanide 

Cyanide was not detected in samples collected from the background or upgradient 

wells during the second and fourth quarters. Cyanide was detected in samples 

collected from three onsite wells (NMW-1 A, NMW-5A, and STM-1 A) during the 

second, third, and fourth quarters. Cyanide was also detected in onsite well 

CBS-4A during the third and fourth quarters. Cyanide was also detected in onsite 

well NMW-2A during tt"!e fourth quarter. Detected concentrations ranged from 11.2 

to 80 µg/L (less than the proposed MCL and MCLG of 200 µg/L). 

5. 1 .13 Iron 

Iron was detected in samples collected from five background wells and four 

upgradient wells during the second quarter, and from four background wells and 

five upgradient wells during the fourth quarter. Detected concentrations of iron in 

background well samples ranged from 13.6 to 28,800 µg/L. Iron was detected at a 

concentration of 45,900 µg/L in a sample collected from offsite and upgradient well 

CBS-10A during the second quarter. This concentration was the highest iron 

concentration detected among all the wells sampled during this investigation. A 

sample collected from CBS-10A during the second quarter contained < 10,000 µg/L 

total suspended solids. 

Iron was detected in 17 onsite wells during the first quarter, 17 wells during the 

second quarter, 14 wells during the third quarter, and 14 wells during the fourth 

quarter. Concentrations of iron exceeded the SMCL of 300 µg/L in 1 6 onsite wells 

during the first quarter, 10 onsite wells during the second quarter, 14 onsite wells 

during the third quarter, and 9 onsite wells during the fourth quarter. 
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Concentrations of total iron detected in samples collected from onsite and up

gradient wells are shown in Figure GW-31 . 

Iron is a transition metal that occurs naturally in groundwater at concentrations 

ranging from 10 to 10,000 µg/L (Dragun 1988). Samples collected from onsite 

wells CBS-SA and CBS-9A during the second, third, and fourth quarters exceeded 

the upper limit of expected naturally occurring concentrations of iron. In addition to 

CBS-SA and CBS-9A, samples collected from NMW-2A during the second and third 

quarters also exceeded the naturally occurring concentrations of iron. Samples 

collected from wells CBS-SA and CBS-9A contained 43,000 µg/L and 13,000 µg/L 

total suspended solids, respectively, during the second quarter and 15,000 µg/L 

and 62,000 µg/L of total suspended solids, respectively, during the fourth quarter. 

It is likely that some of the higher iron concentrations can be attributed to the 

presence of suspended solids in groundwater (see Section 5.1.26). . 

In a study of groundwater quality conducted for more than 100 wells in the Puget 

Sound region (Turney 1986), the U~GS found that approximately 14 percent of the 

samples analyzed exceeded the SMCL for iron. In the USGS study, high iron 

concentrations in the Puget Sound region are attributed to naturally occurring iron 

concentrations in groundwater (Turney 1986). 

5.1.14 Lead 

Lead was detected in samples collected from two background wells and three 

upgradient wells during the second quarter, and from three background wells and 

one upgradient well during the fourth quarter. Concentrations of lead in back

ground wells ranged from < 4.4 to 33.4 µg/L. The highest concentration 

(42.0 µg/L) of lead was detected in a sample collected from offsite and upgradient 

well CBS-1 0A during the second quarter. 
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Lead was detected in 1 onsite well during the first quarter, 11 onsite wells during 

the second quarter, 1 onsite well during the third quarter, and 12 onsite wells 

during the fourth quarter. Concentrations of lead detected in onsite wells exceeded 

the AL of 15 µg/L in one well, CBS-SA, during the first, second, and fourth 

quarters. Lead concentrations in CBS-SA for the first, second, and fourth quarters 

were 58.9, 25.2, and 16.5 µg/L, respectively. The detection limit for samples from 

all wells exceeded the MCLG of O µg/L for lead during all sampling events. Concen

trations of total lead detected in samples collected from onsite and upgradient wells 

are shown in Figure GW-32. 

Lead is a heavy metal that occurs naturally in groundwater at concentrations 

usually < 15 µg/L (Dragun 1988). 

5.1. 15 Magnesium 

Magnesium was detected in samples collected from all background and upgradient 

wells during the second and fourth quarters. Concentrations of magnesium in 

background wells ranged from 6,440 to 35,100 µg/L. Concentrations of magne

sium detected in upgradient wells were within the range of naturally occurring 

concentrations. 

Magnesium was detected in all onsite wells during all four sampling events. MCLs, 

ALs, MCLGs, and SMCLs do not exist for magnesium. The highest concentrations 

of magnesium detected in onsite wells during the first, second, third, and fourth 

quarters were 70,800 µg/L in STM-2A, 76,500 µg/L in CBS-SA, 81,800 µg/L in 

CBS-SA, and 93,800 µg/L in CBS-SA, respectively. 

Magnesium is an alkaline earth metal and is one of the major dissolved constituents 

that occurs naturally in groundwater. Naturally occurring concentrations of 

dissolved magnesium in groundwater are expected to range from 1 ,000 to 

50,000 µg/L (Dragun 1988). 
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5.1.16 Manganese 

Manganese was detected in samples collected from four background wells and four 

upgradient wells during the second quarter, and from four background and five 

upgradient wells during the fourth quarter. Concentrations in background wells 

ranged from < 1 .0 pg/L to 896 pg/L. Concentrations of manganese detected in 

samples collected from two upgradient wells, CBS-10A and TL-23A, exceeded the 

naturally occurring concentration range during the second quarter. Concentrations 

of manganese detected in samples collected from CBS-1 0A and TL-23A were 

3, 1 60 pg/L and 1 ,31 0 pg/L, respectively. During the fourth quarter, a concentra

tion of manganese (1,430 pg/L) in upgradient well TL-23A exceeded the naturally 

occurring concentration range. 

Manganese was detected in samples collected from 18 onsite wells during the first 

quarter, 1 8 onsite wells during the second quarter, 1 7 onsite wells during the third 

quarter, and 21 onsite wells during the fourth quarter. The SMCL for manganese of 

50 pg/L was exceeded in 13 wells d1i,Jring the first quarter, 1 2 wells during the 

second quarter, 14 wells during the third quarter, and 10 wells during the fourth 

quarter. The highest concentrations of manganese detected in onsite wells during 

the first, second, third, and fourth quarters were 4, 160 pg/L in NMW-4A, 4,410 

pg/Lin NMW-1A, 5,200 pg/Lin NMW-1A, and 4,710 pg/Lin NMW-1A, 

respectively. Concentrations of total manganese detected in samples collected 

from onsite and upgradient wells are shown in Figure GW-33. 

Manganese is a transition metal that occurs naturally in groundwater at concentra

tions typically ranging from < 1 to 1,000 pg/L (Dragun 1988). In a study of 

groundwater quality in more than 100 wells in the Puget Sound region (Turney 

1981 ), the USGS found that approximately 40 percent of the samples analyzed 

exceeded the SMCL for manganese. The USGS study also stated that high 

manganese concentrations in the Puget Sound region are probably naturally 

occurring. 
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5.1.17 Mercury 

Mercury was not detected in samples collected from background or upgradient 

wells during the second and fourth quarters, or onsite wells during any quarter. 

The detection limits for mercury did not exceed the current MCL and MCLG of 2 

µg/L in any samples collected from onsite wells. 

Mercury is a heavy metal that occurs naturally in groundwater at concentrations 

typically < 1.0 µg/L (Dragun 1988). 

5.1.18 Nickel 

Nickel was not detected in samples collected from background wells during the 

second and fourth quarters. Nickel was detected in one offsite and upgradient well 

sampled during the second quarter (i.e., 152 µg/L at CBS-1 0A). 

Nickel was detected in samples collected from six onsite wells during the first 

quarter, three onsite wells during the second quarter, two onsite wells during the 

third quarter, and one onsite well during the fourth quarter. Concentrations of 

nickel exceeded the proposed MCL and MCLG of 100 µg/L in one onsite well, 

NMW-4A, during the first, second, and fourth quarters. Concentrations of nickel 

detected in samples collected from NMW-4A during the first, second, and fourth 

quarters were 1,950 µg/L, 778 µg/L, and 220 µg/L, respectively. Concentrations of 

total nickel detected in samples collected from onsite and upgradient wells are 

shown in Figure GW-26. 

Nickel is a transition metal that occurs naturally in groundwater, typically in 

concentrations ranging from < 10 to 50 µg/L (Dragun 1988). NMW-4A was the 

only onsite well in which nickel concentrations exceeded the naturally occurring 

concentration range. The sample collected from offsite and upgradient well 
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CBS-1 OA during the second quarter also exceeded ( 1 52 µg/L) the naturally occur

ring concentratfon range ( < 15.0-< 19.9 µg/L) for nickel. 

5. 1. 19 Potassium 

Potassium was detected in samples collected from five background wells and three 

upgradient wells during the second quarter. During the fourth quarter, potassium 

was detected in five background wells and two upgradient wells. Concentrations 

of potassium detected in samples collected from background wells ranged from 

1 ,080 to 8,280 µg/L. 

Potassium was detected in samples collected from 13 onsite wells during the first 

quarter, 21 onsite wells during the second quarter, 1 5 onsite wells during the third 

quarter, and 23 onsite wells during the fourth quarter. MCLs, Als, MCLGs, and 

SMCLs do not exist for potassium. The highest concentrations of potassium 

detected in onsite wells were 5,280 µg/L in STM-1A during the first quarter, 

6,860 pg/Lin CBS-SA during the second quarter, 6,570 µg/L in CBS-SA during the 

third quarter, and 6,940 µg/L in CBS-SA during the. fourth quarter. 

Potassium is an alkali metal that occurs naturally in groundwater at concentrations 

ranging from 1,000 to 10,000 pg/L (Dragun 1988). Concentrations of potassium 

detected in samples collected from onsite wells were well within the range of 

naturally occurring potassium concentrations in groundwater. 

5.1.20 Selenium 

Selenium was not detected in background or upgradient wells during the second 

and fourth quarters. Selenium was detected in one onsite well, NMW-3A, during 

the first quarter at a concentration of 3.2 µg/L (see Figure GW-26). Selenium was 
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not detected in onsite wells during the second quarter. During the third quarter, 

selenium was detected in one onsite well, STM-2A, at a concentration of 

26.8 µg/L. Selenium was detected in three onsite wells, NMW-7 A, STM-2A, and 

STM-3A at concentrations of 2.1, 4.9, and 1.0 µg/L, respectively. Selenium 

concentrations did not exceed the MCL and MCLG of 50 µg/L during any quarter. 

Selenium is a nonmetallic element that occurs naturally in groundwater at concen

trations typically ranging from < 1 .0 to 10 µg/L. The selenium concentration 

detected in a sample collected from onsite well STM-2A during the third quarter 

exceeded the range of naturally occurring concentrations. 

5.1.21 Silver 

Silver was not detected in samples collected from background or upgradient wells 

during the second and fourth quarters. 

Silver was detected in samples collected from two onsite wells (MW-3A and 

STM-2A) during the first quarter, two onsite wells (NMW-6A and CBS-4A) during 

the second quarter, and one onsite well (STM-1 A) during the third quarter. Silver 

was not detected in samples collected from onsite wells during the fourth quarter. 

The highest concentrations of silver detected in onsite wells were 10.6 pg/L in 

STM-2A during the first quarter and 5.0 µg/L in CBS-4A during the second quarter. 

The concentration in STM-1A was 3.5 µg/L during the third quarter. Concentra

tions of silver detected in samples collected from onsite wells did not exceed the 

proposed SMCL of 100 µg/L during any quarter. Concentrations of total silver 

detected in samples collected from onsite wells are shown in Figure GW-26. 

Silver is a metal that occurs naturally in groundwater. Naturally occurring concen

trations of silver in groundwater are usually expected to be < 5.0 pg/L (Dragun 

1988). 
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5.1.22 Sodium 

Sodium was detected in samples collected from all background and upgradient 

wells during the second and fourth quarters, and all onsite wells during the first, 

second, and fourth quarters. Sodium was detected in samples collected from seven 

onsite wells during the third quarter. Concentrations of sodium detected in back

ground wells during the second and fourth quarters ranged from 5, 190 to 

514,000 µg/L. Concentrations of sodium in upgradient wells during the second 

quarter were within the concentration range of naturally occurring sodium in 

groundwater (see Table GW-9). 

MCLs, Als, MCLGs, and SMCLs do not exist and have not been proposed for 

sodium. The highest concentrations of sodium were detected in samples collected 

from onsite well NMW-4A (i.e., 194,000 µg/L during the first quarter, 

234,000 µg/L during the second quarter, 142,000 µg/L during the third quarter, and 

139,000 µg/L during the fourth quarter). Concentrations of total sodium detected 

in samples collected from onsite and, upgradient wells are shown in Figure GW-34. 

Sodium is an alkali metal that is one of the major di~solved constituents in naturally 

occurring groundwater. · Sodium concentrations in groundwater typically range from 

500 to 120,000 µg/L (Dragun 1988). In addition to onsite well NMW-4A, CBS-3A 

was the only other onsite well with a concentration greater than the typical range 

of naturally occurring sodium in groundwater. A concentration of 124,000 µg/L of 

sodium was detected in the sample collected from CBS-3A during the first quarter. 

5.1.23 Thallium 

Thallium was detected in samples collected from one background well and one 

upgradient well during the second quarter. During the fourth quarter, thallium was 

not detected in samples collected from background or upgradient wells. Back

ground concentrations of thallium ranged from < 1.0 to 2.2 µg/L during the second 

RI APPENDIX GW 

FINAL REPORT GW5-18 916055.08 



NMW-6A4 
(9,980/B.-H0/<12,000/13,300) 

CBS-IA-+
(18,500/13,500/<17,900/8,760) 

+ NMW-7A 
(17,300/19, 100/ 
<23.J00/25,200) 

NMW-SA 

-+-
(18,900/19,700/ 
28,700/14,000) 

TL-14A 

+ 
(NS/7,640/NS/6,970) 

LEGEND 

A TOTAL SODIUM DETECTED IN 
NMW-3Ay GROUNDWATER (ONSITE WELL), 

~23,700/26,500/32,400/27,100) CONCENTRATION IN ug/L 

TL-12A+ 
(NS/10,500/NS/9, 110} 

TOTAL SODIUM DETECTED IN 
GROUNDWATER {UPGRADIENT WELL), 
CONCENTRATION IN ug/L. 

NS = NOT SAMPLED. 

NUMBERS IN PARENTHESES INDICATE 
1st. 2nd, 3rd. AND 4th QUARTER 
RESULTS, RESPECTIVELY. 

CBS-7A 

-+-
(10,500/7,B00/<15,300/9,010) 

CBS-3A 

-+-(124,000/10,500/<11,000/5,670) 

NMW-4A 

-+-(194,000/234,000/142,000/139,000) 

TL-13A-+
(NS/5,640/NS/7,590) 

TL-12A 

+ (NS/10,500/NS/9, 110) 

0 500 .,..,--
SCALE IN FEET 

NMW-3A 

+ {23,700/26,500/ 
32,400/27, 100) 

CBS-I IA 
(8, 750/7, 190/ <8,450/8,000) 

NMW-IA♦ 
(10,600/13,600/ 

CBS-IOA 
(NS/15,800/NS/17,000) 

-+-

<17,000/15,600) A 

CBS-4A 

STM-IAy 
{36,300/20,600/ 
<21,'400/9,520) 

STM-4A 
(11,100/12,000/ 
<19,900/19,100) 

STM-2A 
A (14,100/20,200/ 
T <24,500/22, 100) 

MW-SA 
(5,630/4, 170/4 
<6,480/6,340) 

+ c10,200110.2001 
38,000/32,900) 

MW-IA MW-3A 
(5,050/3,500/:+- 4 
<11,600/5, 140) (6, 170/1 o. 700/ 

<19,200/11,000) 

NMW-2A 

... 
CBS-SA 

{7, 180/5, 190/ 
<11,900/5, 190) 

STM-3A 
(16,000/15,600/ 
<20,900/14.900) 

(87,500/100,000/ . 
101,000/84,600)+ CBS-BA 

TL-23A 

-+-
(NS/27,400/NS/41,500) 

{92,300/95,300/ 
91,000/98,4-00) 

CBS-9A 

(20,8J;8, 100/ 
21,'400/16,400) 

Kennedy/Jenks Conaultanta 

SOUTH TACOMA FIELD 
TACOMA, WA 

TOTAL SODIUM CONCENTR.A TI0NS 
DETECTED IN GR0Utl>WATER 

916055.08/P2SK080 

FIGURE GW-34 



Kennedy/Jenks Consultants 

quarter. Thallium was detected at a concentration of 3.0 µg/L in a sample collected 

from upgradient well TL-13A during the second quarter (see 

Figure GW-26). 

Thallium was not detected in any samples collected from onsite wells during the 

four quarters of groundwater sampling. Because the detection limit for thallium 

exceeded both of the proposed MCLs of 2 µg/L and 1 µg/L during the first quarter, 

comparisons of water quality with these criteria are not possible. The detection 

limit did not exceed the proposed MCLs during the second, third, and fourth 

quarters. The detection limit exceeded the proposed MCLG of 0.5 µg/L for thallium 

during all four quarters. 

Thallium is a metal that occurs naturally in groundwater at concentrations typically 

< 100 µg/L (Freeze and Cherry 1979). 

5.1.24 Vanadium 

Vanadium was detected in samples collected from two background wells and one 

upgradient well during the second quarter. During the fourth quarter, vanadium 

was detected in two background wells, but was not detected in the upgradient 

wells. Concentrations of vanadium in background wells ranged from undetected at 

< 6.0 to 36.5 µg/L. The highest concentration of vanadium (78.0 µg/L) was detect

ed in a sample collected from off site and upgradient well CBS-1 0A during the 

second quarter. 

Vanadium was detected in samples collected from one onsite well during the first 

quarter, five onsite wells during the second quarter, eight onsite wells during the 

third quarter, and nine onsite wells during the fourth quarter. The highest concen

trations of vanadium in onsite wells were detected in NMW-2A (i.e., 18.3 µg/L 

during the first quarter, 29. 7 µg/L during the second quarter, and 
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24.1 µg/L during the fourth quarter). During the third quarter, the highest concen

tration of vanadium was detected in NMW-4A at 30.5 µg/L. MCLs, Als, MCLGs, 

and SMCLs do not exist and have not been proposed for vanadium. Concentrations 

of vanadium detected in samples collected from onsite and upgradient wells are 

shown in Figure GW-26. 

Vanadium is a transition metal that is naturally occurring in groundwater. Typical 

concentrations for naturally occurring vanadium in groundwater range from < 1.0 to 

10 µg/L (Dragun 1988). 

5.1.25 Zinc 

Zinc was detected in samples collected from two background wells and three 

upgradient wells during the second quarter. During the fourth quarter, zinc was 

detected in samples collected from one background and one upgradient well. 

Concentrations of zinc in samples cellected from background wells ranged from 

undetected at < 2.0 to 1 70 µg/L. The highest concentration of zinc detected in 

upgradient wells was 429 µg/L in CBS-1 0A during t.he second quarter. 

Zinc was detected in samples collected from four onsite wells during the first 

quarter, four onsite wells during the second quarter, two onsite wells during the 

third quarter, and six onsite wells during the fourth quarter. The highest concentra

tions of zinc detected in onsite wells were 726 µg/L in STM-2A during the first 

quarter, 134 µg/L in STM-4A during the second quarter, 56. 7 µg/L in STM-4A 

during the third quarter, and 63.8 µg/L in MW-3A during the fourth quarter. The 

relatively high concentrations of zinc in samples from STM-2A and STM-4A may be 

attributed to the use of galvanized steel as the blank casing material. Concentra

tions of zinc in onsite wells did not exceed the SMCL of 5,000 µg/L for zinc during 

any quarter. Concentrations of zinc detected in onsite and upgradient wells are 

shown in Figure GW-26. 
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Zinc is a metal that occurs naturally in groundwater at typical concentrations 

ranging from < 10 to 2,000 µg/L (Dragun 1988). 

5.1.26 Filtered vs Unfiltered Metals 

Field-filtered groundwater samples were collected from 12 wells during the third 

and fourth quarters. The filtered samples were collected in addition to unfiltered 

samples required by EPA's Work Plan (ICF 1990b). The filtered samples were 

analyzed for total metals so that comparisons could be made with unfiltered 

samples. These comparisons could then be used to assess whether metals were 

present as dissolved constituents in groundwater or as suspended solids. Although 

groundwater samples were analyzed for total suspended solids (TSS) during the 

second and fourth quarters, the high detection limit for TSS ( 10 mg/I:-) prevented a 

direct comparison of TSS with metal concentrations. 

Field-filtered samples were collected. for metals analyses from 12 wells in which 

relatively high metal concentrations were detected in first and second quarter 

samples. The trend of results from the 12 wells selected would then be considered 

representative of other wells at the site. Analytical results from the filtered 

analyses are presented in Section 7 .0 of the Data Appendix (Kennedy/Jenks 

Consultants 1991 ). 

Tables GW-11 and GW-12 list filtered and unfiltered results for aluminum, iron, and 

manganese for the third and fourth quarters. These metals were listed because 

they were expected to be detected at higher concentrations as suspended solids 

than the other metals. Tables GW-13 and GW-14 contain the same results as 

Tables GW-11 and GW-12, but the results are arranged to evaluate consistency of 

the results from the third quarter to the fourth quarter of sampling. Table GW-13 

compares filtered samples from the third quarter to filtered samples from the fourth 

quarter. Table GW-14 compares unfiltered samples from the third quarter to 

unfiltered samples from the fourth quarter. 
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TABLE GW-11 

COMPARISON OF FILTERED VS UNFILTERED METALS RESULTS 
(THIRD QUARTER) 

Location No. Well No. Al IF) (pg/L) Al IU) (pg/L) Fe IF) Fe IUI Mn IF) MnlU) 

1754 NMW-5A <19.0 828 <13.7 1,440 2.8 144 

1755 NMW-3B <19.0 271 <14.5 <279 103 108 

1756 NMW-3A <19.0 704 <34.3 934 82.3 100 

1757 NMW-3C <19.0 <59.3 877 786 210 213 

1758 NMW-2A <75.5 <121 17,200 16,900 916 884 

1759 NMW-4A <177 1,080 2,580 3,890 143 147 

1760 NMW-1A <25.7 2,290 2,270 4,850 5,170 5,200 

1764 CBS-4A <20.6 <44.3 <15.4 <71.9 <1.0 <4.0 

1768 CBS-BA <75.2 <110 20,700 20,600 660 652 

1769 CBS-SA <27.9 <31.9 22,800 23,200 712 717 

1775 MW-3A <19.0 398 <32.4 825 19 50.9 

1777 MW-5A <19.0 <41.2 <26.8 <60.2 <1.0 <3.3 

< denotes that analyte was not detected at the detection limit indicated following the less than 
sign. 
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TABLE GW-12 

COMPARISON OF FILTERED VS UNFILTERED METALS RESULTS 
(FOURTH QUARTER) 

Location No. Wall No. Al IFI Al IUI Fa IF) Fa (Ul Mn (Fl Mn IUI 

1754 NMW-5A <16.0 363 <14.0 601 5.7 36.4 

1755 NMW-38 <16.0 <217 <45.9 218 113 116 

1756 NMW-3A <16.0 341 <38.7 446 11.4 29.2 

1757 NMW-3C <16.0 <35.6 796 833 222 223 

1758 NMW-2A <133 453 2,050 3,660 117 123 

1759 NMW-4A <86.4 <282 3,130 3,620 708 731 

1760 NMW-1A <16.0 <84.9 2,010 2,130 4,640 4,710 

1764 CBS-4A <16.0 <20.4 <12.1 <52.7 <2.0 <2.0 

1768 CBS-SA <61.4 <120 22,200 22,200 716 714 

1769 CBS-9A <16.0 <19.5 24,600 24,800 838 834 

1775 MW-3A <16.0 <35.0 <126 <184 212 221 

1777 MW-5A <16.0 <26.8 <6.8 <52.5 <2.0 2.3 

< denotes that analyte was not detected at the detection limit indicated following the less than 
sign. 

GW-12 916055.08 



Location No. 

1754 

1755 

1756 

1757 

1758 

1759 

1760 

1764 

1768 

1769 

1775 

1777 

TABLE GW-13 

COMPARISON- OF FILTERED RESULTS 
FOR ALUMINUM, IRON, AND MANGANESE 

{THIRD AND FOURTH QUARTERS) 

Well No. Al IF) (3rd) Al (F114thl Fa (Fl (3rd) Fe (Fl (4th) Mn (F) (3rd) 

NMW-SA <19.0 <16.0 <13.7 <14.0 2.8 

NMW-3B <19.0 <16.0 <14.5 <45.9 103 

NMW-3A <19.0 <16.0 <34.3 <38.7 62.3 

NMW-3C <19.0 <16.0 677 796 210 

NMW-2A <75.5 <133 17,200 2,050 916 

NMW-4A <177 <86.4 2,580 3,130 143 

NMW-1A <25.7 <16.0 2,270 2,010 5,170 

CBS-4A <20.6 <16.0 <15.4 <12.1 <1.0 

CBS-SA <75.2 <61.4 20,700 22,200 660 

CBS-9A <27.9 <16.0 22,800 24,600 712 

MW-3A <19.0 <1,6.0 <32.4 <126 19 

MW-SA <19.0 <16.0 <26.8 <6.8 <1.0 

Mn (Fl 14th) 

5.7 

113 

11.4 

222 

117 

708 

4,640 

<2.0 

716 

838 

212 

<2.0 

< denotes that analyte was not detected at the detection -limit indicated following the less than 
sign. 
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Location No. 

1754 

1755 

1756 

1757 

1758 

1759 

1760 

1764 

1768 

1769 

1775 

1777 

TABLE GW-14 

COMPARISON OF UNFILTERED RESULTS FOR 
ALUMINUM, IRON, AND MANGANESE 

(THIRD AND FOURTH QUARTERS) 

Well No. Al CUI (3rd) Al CUI (4th) Fe CUI (3rd) Fe (U) (4th) Mn CUI (3rd) 

NMW-5A 828 363 1,440 601 144 

NMW-38 271 <217 <279 218 108 

NMW-3A 704 341 934 446 100 

NMW-3C <59.3 <35.6 766 833 213 

NMW-2A <121 453 16,900 3,660 884 

NMW-4A 1,080 <282 3,690 3,620 147 

NMW-1A 2,290 <84:9 4,650 2,130 5,200 

CBS-4A <44.3 <20.4 <71.9 <52.7 <4.0 

CBS-SA <110 <120 20,600 22,200 652 

CBS-9A <31.9 <19.5 23,200 24,800 717 

MW-3A 396 <3ij.0 625 <184 50.9 

MW-SA <41.2 <26.8 <60.2 <52.5 <3.3 

Mn CUI (4th) 

36.4 

116 

29.2 

223 

123 

731 

4,710 

<2.0 

714 

834 

221 

2.3 

< denotes that analyte was not detected at the detection llmit indicated following the less than 
sign. 
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5.1.26.1 Filtered vs Unfiltered Conclusions. Aluminum was the only metal 

detected at consistently lower concentrations in filtered samples than in unfiltered 

samples. This is attributed to the presence of clay minerals as suspended solids in 

the groundwater samples. Aluminum was not detected in filtered groundwater 

samples from any of the 12 wells during the third and fourth quarters (Tables GW-

11 and GW-12). 

Iron showed varying results (Tables GW-11 and GW-12). In NMW-1A, NMW-3A, 

NMW-38, NMW-3C, NMW-4A, NMW-58, CBS-9A, and MW-3A, iron generally was 

detected at lower concentrations in filtered than in unfiltered samples. The relative 

concentrations of iron detected in NMW-2A and CBS-SA varied from the third 

quarter to the fourth quarter. Iron was not detected in samples from MW-5A 

during the third or fourth quarter. 

Manganese also showed varying results (Tables GW-11 and GW-12). Manganese 

concentrations were generally lower in filtered than in unfiltered samples in 

NMW-1A, NMW-3A, NMW-3B, NM\(V-3C, NMW-4A, NMW-5A, MW-3A, and 

MW-5A. However, the differences were usually insignificant. 

The following metals showed a difference in filtered vs. unfiltered concentrations: 

• Lead. Consistently lower concentrations in filtered vs unfiltered samples 

from CBS-SA. 

• Vanadium. Consistently lower concentrations in filtered vs unfiltered 

samples from NMW-4A and NMW-5A; varying results in NMW-2A, 

NMW-3A, NMW-3C, CBS-4A, CBS-SA, and CBS-9A. 
' 

• Zinc. Consistently lower concentrations in filtered vs unfiltered samples 

from CBS-SA; varying results in MW-3A. 
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Other metals such as boron and calcium were present at nearly the same concen

trations in filtered vs unfiltered samples during the third and fourth quarters. 

5.1.26.2 Consistency of Results. Aluminum concentrations in unfiltered 

samples varied inconsistently from the third quarter to the fourth quarter (Table 

GW-14). These results suggests that varying quantities of suspended solids may 

have been present in groundwater samples collected during each quarter. Iron and 

manganese generally showed more consistent results for each well from the third 

quarter to the fourth quarter (Tables GW-13 and GW-14). 

5.1.27 Summary of lnorganics Occurrences 

Concentrations of the naturally occurring inorganics were generally within the 95 

percent upper confidence limit (95% UCL) of background concentrations in upper 

aquifer groundwater samples collected from wells in the northern and eastern 

portions of the site (NMW-7A, CBS-1A, NMW-6A, NMW-5A, CBS-2A, CBS-3A, 

CBS-7A, MW-5A, MW-1A, CBS-4A, CBS-11A, and CBS-5A). 

Upper aquifer groundwater samples collected from onsite wells in several areas 

contained concentrations of naturally occurring inorganics that were greater than 

the 95% UCL of background concentrations. These areas include the Airport and 

Former Swamp/Lakebed areas (NMW-4A, NMW-3A, NMW-2A, CBS-SA, MW-3A, 

and CBS-9A), the railcar cleanout area (STM-1A, STM-2A, STM-3A, STM-4A), and 

Pioneer Builders Supply (NMW-1A). The railcar cleanout area is located in the 

southern end of the BNR Railyard (see legend number 54, Figure GW-1 ). 

Upgradient wells TL-12A, TL-13A, and TL-23A contained inorganics that also were 

greater than the 95% UCL of background concentrations. Some of the highest 

concentrations of inorganics (including aluminum, chromium, cobalt, copper, iron, 

lead, vanadium, and zinc) were detected in samples collected from offsite and 

upgradient well CBS-1 0A outside the southeast corner of the site. 
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Concentrations of inorganics were compared to existing and proposed Federal 

MCLs, Als, MCLGs, and SMCLs. Inorganic concentrations for samples collected 

from onsite wells exceeded the regulatory levels as follows: 

• Aluminum concentrations exceeded the proposed SMCL of 50 pg/L in 11 

wells during the first quarter, 11 wells during the second quarter, 10 wells 

during the third quarter, and 5 wells during the fourth quarter. Most of the 

aluminum concentrations are likely caused by suspended solids, especially 

clay particles, in the groundwater. 

• Antimony concentrations detected in samples collected from onsite wells 

CBS-SA and MW-3A during the third quarter and onsite well CBS-SA during 

the fourth quarter exceeded the proposed MCL of 5 or 10 pg/L. 

• Arsenic concentrations detected in samples collected from onsite well 

NMW-2A during the first quarter exceeded the current MCL of 50 pg/L. 

• Beryllium concentrations detected in samples collected from onsite wells 

STM-3A and STM-4A during the fourth qua,rter exceeded the proposed 

MCL of 1 µg/L 

• Iron concentrations exceeded the current SMCL of 300 pg/L in 16 wells 

during the first quarter, 10 wells during the second quarter, 14 wells during 

the third quarter, and 9 wells during the fourth quarter. Manganese 

concentrations exceeded the current SMCL of 50 pg/L in 13 wells during 

the first quarter, 12 wells during the second quarter, 14 wells during the 

third quarter, and 10 wells during the fourth quarter. High concentrations 

of iron and manganese were detected at other locations in the Puget Sound 

region and may be attributed to naturally occurring concentrations in 

groundwater (Turney 1986). 
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• Lead concentrations detected in samples collected from onsite well CBS-SA 

exceeded the current AL of .1 5 pg/L and the current MCL of 50 pg/L during 

the first, second, and fourth quarters. 

• Nickel concentrations detected in samples collected from onsite well 

NMW-4A exceeded the proposed MCL of 100 pg/L during the first, second, 

and fourth quarters. 

Potential anthropogenic sources for the inorganics that were detected in the Airport 

and Former Swamp/Lakebed areas include leaching of fill material deposited in the 

Former Swamp/Lakebed area, infiltration of stormwater from onsite and offsite 

sources, and offsite sources including the Tacoma Landfill. Possible sources for 

some of the constituents in CBS-SA include infiltration of surface water into the 

groundwater through the surface housing and/or surface seal of the well casing. 

Potential anthropogenic sources for the inorganics detected in samples collected 

from the railcar cleanout area include calcium and magnesium from lime deposits 

from cleaning of railcars, and zinc from galvanized well casing material. Possible 

sources for inorganics detected in samples collected from Pioneer Builders Supply 

include local unknown sources and transport of offsite groundwater from the 

vicinity of offsite and upgradient well CBS-1 OA. 

5.2 ORGANICS 

The following sections contain discussions of the occurrences of organic consti

tuents detected in groundwater samples collected during this investigation. PAHs, 

VOCs, and semivolatile organic compounds were detected in samples collected 

from several of the onsite, background, and upgradient wells. Pesticides and PCBs 

were not detected in any of the onsite, background, or upgradient wells. Table 

GW-1 5 provides a summary of the number of onsite wells in which organic analytes 

exceeded the Federal SOWA existing and proposed MCLs, MCLGs, and SMCLs. 
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Anelyte 

PAH■ 
Naphthalenefdl 

Acenaphthylene1a, 

Acenaphthene101 

Ruorene101 

Phenanthrene1a' 
Anthracene1a, 

Fluoranthene101 

Pyrene1u1 

voe. 
Chloromethaneldl 

Methylene Chloride 

Vinyl Chloride 

Acetone1a' 
Carbon Disulfide 

1,2-Dichloroethene (total) 

Chloroform 

1, 1, 1 - Trichloroethane 

Bromodichloromethane 

Trichloroethane 

1, 1,2-Trichloroethane 

Benzene 

Tetrachloroethene 

Toluene 

Ethyl Benzene 

Styrene 

Xylenes (total) 

GW-15 

TABLE GW-15 

SUMMARY OF THE NUMBER OF ONSITE WELLS IN WHICH ORGANIC ANAL YTES EXCEEDED 
FEDERAL EXISTING AND PROPOSED MCLs, MCLGs, AND SMCLs1• 1 

Concentratlon1D' or Range Existing No. of Well■ Proposed No. of Well■ Existing No. of Well■ Propoeed No. of Welle Existing 
of Concentration■ MCL Exceeding MCI. Exceeding MCLG Ex d' MCLG Exceeding SMCL 
Detected (ugll.l (ugll.l Exl■ting MCL lo) (ugll.) Propoeed MCL lo) (ugll.) M~al'Jr (ugll.) Propoeed MCI.Glo) (ugll.) 

' 

' 
2.3 - 190 

_,., - - - - - - - -
2.9 - - - - - - - - -

2.6 - 5.8 - - - - - - - - -
0.25- 4.5 - - - - - - - - -' 

0.14-1.1 - - - - - - - - -
0.027 - 0.65 - - - - - - - - -
0.21 - 0.73 - - - - - - - - ' -
0.23 - 0.49 - - - - - - - - ' -

' 
3 - - - - - - - - -

3-6 5 */*/1 .,.111 - - 0 • ,. /2* ,.,,, - - -
2 2 • ,. ,. t•lfl - - 0 • /1. ,. ,.,,, - - -

2- 78 - - - - - - - -
1 - 3 - - - - - - - - -
5-7 70/100lgl 0/0/0/0 - - 70/100 0/0/0/0 - - -
1 -20 100 0/0/0/0 - - - - - - -
1 - 10 200 0/0/0/0 - - 200 0/0/0/0 - - -

2 100 1 
0/0/0/0 - - - - - - -

1 - 6 5 • /* /1 /1 •ITI - - 0 2*/1 */2*/2•lfJ - - -
51 - - 5 • /1. ,. ,.,,, - - 3 • /1 • ,. ,.,,, ' -

86- 480 5 1 */1 */1 */1 •lfl - - 0 1 •11 •11 •11 •lfl - - -
3-4 5 .,.,.,.lf) - - 0 2*/2*/1 */1 •lfl - - -

1 - 770 1,000 0/0/0/0 - - 1,000 0/0/0/0 - - -
150 - 1,000 700 0/1/0/0 - - 700 0/1/0/0 - - -

3 100 0/0/0/0 - - 100 0/0/0/0 - - ' -
141 - 2,300 10,000 0/0/0/0 - - 10,000 0/0/0/0 - - -

Page 1 of 2 

No. of Well■ Proposed No. of Well■ 
Exceedl::fl SMCL Exceeding 
SMCL 0 (ugll.) Propoeed SMCL lo) 

- - -
- - -
- - -
- - -
-· - -
- - -
- - -
- - -
- - -
- - -
- - -
- - -
- - -
- - -
- - -
- - -
- - -
- - -
- - -
- - -
- - -
- 40 1/1/1/1 

- 30 1/1/1/1 

- - -
- 20 1 /1 /1 /1 
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TABLE GW-15 

SUMMARY OF THE NUMBER OF ONSITE WELLS IN WHICH ORGANIC ANAL YTES EXCEEDED 
FEDERAL EXISTING AND PROPOSED MCLs, MCLGs, AND SMCLsca, . 

Concentration'D' or Range Exieting No. of Welle Propond No. of Welle Exieting No. of Welle Proposed No. of Welle Exleting No. of Welle 
of Concentrations MCL Exceeding MCL Exceeding Co) MCLG ~~:i:r MCLG Exceeding SMCL Exceedl:f' Analyte Detected (ugJL) (ugJL) Existing MCL Cc) (ugJL) Proposed MCL (ugJL) (ugJL) Propoud MCLGCc) fugJL) SMCL 0 

SEMIVOLATILES 
4-MethylphenolCdJ 17 - - - - - - - - - -
2,4-Dimethylphenol'a' 61 - - - - - - - - - -
2-Methylnaphthalene1a1 1 - 47 - - - - - - - - - -
Dibenzofuran101 3-4 - - - - - - - - - -
Carbazole101 2-4 - - - - - - - - - -
Diethylphthalate 2 - - - - - - - - - -
Bisf2-ethvlhexullnhthalate 0.7- 7 4 NS1h1/*/NS/0* 11J 0 NS1" IJ• /1 • /3 •ITI 

(a) Drinking Water Regulations under the Safe Drinking Water Act, as amended (MCL = Maximum Contaminant Level: MCLG = Maximum Contaminant Level Goal: SMCL = Secondary Maximum Contaminant Level). 
(bl The presence of only one value indicates that analyte was detected in one well during one sampling event. 
(c) The format of the four numbers shown in this column refers to the four quarters of groundwater sampling (i.e., 1st quarter/2nd quarter/3rd quarter/4th quarter). 
(d) MCls, MCLGs, and SMCLs (existing or proposed) do not exist for these ana!ytes. 
(e) "-" indicates the MCL, MCLG, or SMCL, existing or proposed, was not applicable. 
ffl The symbol "•• indicates the laboratory detection limit exceeded the MCL or MCLG. If a number is also shown with •, that number indicates the number of wells in which the analyte was detected • 
(g) For 1,2-dichloroethene, the current MCLs and MCLGs are 70 µg/L for the cis-isomer and 100 µg/L for the trans-isomer. 
(h) NS = Not sampled. 

GW-15 

Page 2 of 2 

Propond No. of Welle 
SMCL Exceeding 
(ugJL) Proposed SMCL Co) 

- -
- -
- -
- -
- -
- -

916055.08 
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5.2.1 PAHs 

PAH analyses were performed on all groundwater samples collected during this 

investigation. Laboratory PAH results were obtained using both EPA Methods 8310 

and CLP Method OLMO1.0. Because EPA Method 8310 is capable of achieving 

lower detection limits for PAHs, only those analyses are discussed in this report. 

Laboratory PAH results using the EPA CLP method are presented in Section 7 .0 of 

the Data Appendix, but are not discussed in this report. 

Figure GW-35 shows the occurrences of PAHs in onsite and upgradient wells. 

Naphthalene was detected in one background well, TL-16A, during the second 

quarter at an estimated concentration of 0.12 µg/L. Anthracene was detected in 

one upgradient well, TL-23A, at an estimated concentration of 0.048 µg/L during 

the second quarter. 

PAHs were detected in samples coll~cted from two onsite wells, NMW-1A and 

CBS-SA, during all four quarters. PAHs detected in samples collected from onsite 

wells include naphthalene, acenaphthene, fluorene, phenanthrene, acenaphthylene, 

anthracene, fluoranthene, and pyrene. 

Anthracene was detected at low concentrations in samples collected from three 

additional onsite upper aquifer wells during the second quarter (see Figure GW-35) 

and from NMW-5B and NMW-5C. In addition, anthracene was detected in samples 

collected from onsite wells NMW-2A and CBS-4A during the third quarter event. 

Anthracene was detected in many of the groundwater samples collected during the 

second and third quarters. Anthracene was also detected in laboratory method 

blanks and rinsate blanks. Many of the laboratory-detected anthracene concentra

tions were determined to be undetected during the data validation procedures (see 

Section 8.0 of the Data Appendix). It is likely that all anthracene concentrations 

detected in samples collected from onsite wells can be attributed to laboratory 

contamination. 
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Carcinogenic PAHs [benzo(a)anthracene, benzo(b)fluroanthene, benzo(k)

fluoranthene, benzo(a)pyrene, chrysene, dibenzo(a,h)anthracene, and indeno(1,2,3-

cd)pyrene] were not detected in any groundwater samples. MCLs, MCLGs, and 

SMCLs do not exist and are not proposed for PAHs that were detected in ground

water samples collected during this investigation. 

5.2.1.1 Summary of PAH Occurrences. Possible sources for PAHs detected in 

samples collected from NMW-1 A include underground storage tanks (see the 

Phase I Soil Investigation Report; Kennedy/Jenks Consultants 1992) and/or other 

potential local sources. Possible sources for PAHs detected in samples collected 

from CBS-SA include fill material in the Former Swamp/Lakebed area, infiltration of 

stormwater from onsite and/or offsite sources, and infiltration of surface water 

through the surface housing and/or surface seal of the well. 

s.2.2 voes 

VOC analyses were performed on samples collected during all four quarters of 

sampling. voes that were detected in samples collected from background, 

upgradient, and onsite wells are individually discussed in the following subsections. 

VOCs detected in samples collected from onsite and upgradient wells are shown in 

Figure GW-36. 

5.2.2.1 Chloromethane. Chloromethane was not detected in samples collected 

from background or upgradient wells during the second and fourth quarters. 

Chloromethane was detected in one onsite well, CBS-3A, during the second quarter 

at an estimated concentration of 3 µg/L. MCLs, MCLGs, and SMCLs do not exist 

and have not been proposed for chloromethane. 

5.2.2.2 Methylene Chloride. Methylene chloride was not detected in samples 

collected from background or upgradient wells during the second and fourth 

\ quarters. Methylene chloride was detected in onsite wells STM-3 and STM-4 at 
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estimated concentrations of 3 pg/Land 6 pg/L, respectively. The detected concen

tration of methylene chloride in STM-4 exceeded the current MCL of 5 pg/L. The 

detected concentrations of methylene chloride in STM-3 and STM-4 exceeded the 

current MCLG of 0 µg/L. The detection limit of 10 pg/L for methylene chloride 

exceeded both the MCL and the MCLG during all quarters. 

5.2.2.3 Vinyl Chloride. Vinyl chloride was not detected in samples collected from 

background wells during the second and fourth quarters. Vinyl chloride was 

detected in one upgradient well, TL-12A, at an estimated concentration of 2 pg/L 

during the second quarter. Vinyl chloride was detected in one onsite well, CBS-SA, 

during the second quarter at an estimated concentration of 2 pg/L. The detected 

concentration of vinyl chloride in onsite well CBS-SA does not exceed the current 

MCL of 2 pg/L. The detection limit of 10 pg/L for vinyl chloride exceeded both the 

MCL and MCLG (0 pg/L) during all quarters. 

5.2.2.4 Acetone. Acetone was detected in one background well WCC-2 at an 

estimated concentration of 3 pg/L during the second quarter. Acetone was 

detected in onsite well NMW-1 A at an estimated concentration of 78 µg/L during 

the second quarter. MCLs, MCLGs, and SMCLs do not exist and have not been 

proposed for acetone. -

5.2.2.5 Carbon Disulfide. Carbon disulfide was not detected in samples collected 

from background or upgradient wells during the second and fourth quarters. 

Carbon disulfide was detected in one onsite well, NMW-5C, during the third quarter 

at an estimated concentration of 1 .0 pg/L. During the fourth quarter, carbon 

disulfide was detected in onsite well MW-3 at an estimated concentration of 3.0 

pg/L. MCLs, MCLGs, and SMCLs do not exist and have not been proposed for 

carbon disulfide. 

5.2.2.6 1.1-Dichloroethane. 1, 1-Dichloroethane (1, 1-DCA) was not detected in 

samples collected from background wells during the second and fourth quarters. 

1, 1-DCA was detected in upgradient well TL-12A during the second and fourth 
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quarters at a concentration of 28 µg/L and 27 µg/L, respectively. 1, 1-DCA was 

also detected in upgradient well TL-13A at an estimated concentration of 3.0 µg/L 

during the fourth quarter. 1 , 1-DCA was not detected in the onsite wells during this 

investigation. 

5.2.2.7 1.2-Dichloroethene. 1,2-Dichloroethene (1,2-DCE) was not detected in 

samples collected from background wells during the second and fourth quarters. 

1,2-DCE was detected in upgradient well TL-12A at a concentration of 26 µg/L 

during the fourth quarter. 1 ,2-DCE was detected in onsite well CBS-SA during the 

first quarter at an estimated concentration of 6 µg/L. 1 ,2-DCE was also detected in 

onsite well NMW-2A during the third and fourth quarters at estimated concentra

tions of 5 µg/L and 7 µg/L, respectively. The detected concentrations of total 1 ,2-

DCE in onsite wells CBS-SA and NMW-2A did not exceed the current MCLs and 

MCLGs of 70 µg/L or 100 µg/L (for the cis- and trans-isomers, respectively). 

5.2.2.8 Chloroform. Chloroform was not detected in samples collected from 

background or upgradient wells during the second and fourth quarters. Chloroform 

was detected in onsite well NMW-3A during all four quarters at estimated concen

trations ranging from 1 µg/L to 3 µg/L. During the second quarter, chloroform was 

detected at a concentration of 20 µg/L in a sample collected from onsite well MW-

1 A. During the third quarter, chloroform was also detected in onsite well MW-1A 

at an estimated concentration of 4 µg/L. Chloroform concentrations detected in 

onsite wells did not exceed the current MCL of 1 00 µg/L. 

5.2.2.9 1.2-Dichloroethane. 1,2-Dichloroethane (1,2-DCA) was not detected in 

samples collected from background wells during the second and fourth quarters. 

1,2-DCA was detected in upgradient well TL-12A during the second and fourth 

quarters at concentrations of 13 and 12 µg/L, respectively. 1,2-DCA was not 

detected in samples collected from onsite wells during this investigation. 
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5.2.2.10 1.1.1-Trichloroethane. 1, 1, 1-Trichloroethane (1, 1, 1-TCA) was not 

detected in samples collected from background wells during the second and fourth 

quarters. 1, 1, 1-TCA was detected at an estimated concentration of 3 µg/L in one 

upgradient well, TL-12A, during the second and fourth quart~rs. 1, 1, 1-TCA was 

detected at an estimated concentration of 1 µg/L in one onsite well, MW-5A, during 

the first quarter. 1, 1, 1-TCA was detected in two onsite wells, NMW-3A and 

MW-5A, during the second quarter. The detected concentrations of 1 , 1 , 1-TCA in 

these two wells were estimated at 2 µg/L in NMW-3A and estimated at 3 µg/L in 

MW-5A. 1 , 1 , 1-TCA was also detected in onsite well MW-5A at 10 µg/L and 

estimated 9 µg/L, respectively, during the third and fourth quarters. 1, 1, 1-TCA 

concentrations detected in onsite wells did not exceed the current MCL and MCLG 

of 200 µg/L. 

5.2.2~ 11 Bromodichloromethane. Bromodichloromethane was not detected in 

samples collected from the background or upgradient wells during the second and 

fourth quarters. Bromodichloromethane was not detected in onsite wells during the 

first, third, and fourth quarter's. Bromodichloromethane was detected at an 

estimated concentration of 2 µg/L in one onsite well, MW-1 A, during the second 

quarter. Bromodichloromethane concentrations detected in onsite well MW-1 A did 

not exceed the current MCL of 100 µg/L. 

5.2.2. 12 1.2-Dichloropropane. 1,2-Dichloropropane was not detected in 

samples collected from the background wells during th~ second and fourth quarters. 

1 ,2-Dichloropropane was detected at an estimated concentration of 1 µg/L in one 

upgradient well, TL-12A, during the second quarter. 1,2-Dichloropropane was not 

detected in samples collected from onsite wells during this investigation. 

5.2.2. 13 Trichloroethene. Trichloroethane (TCE) was detected at estimated 

concentrations of 5 µg/L in one background well, WCC-2, during the second and 

fourth quarters. TCE was detected at estimated concentration of 7 µg/L in one 

upgradient well, TL-12A, during the second and fourth quarters. 
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TCE was detected in samples collected from two onsite wells, CBS-3A and 

CBS-SA, during the first quarter. Concentrations detected in samples collected 

from these two wells were estimated at 3 µg/L in CBS-3A and estimated at 1 µg/L 

in CBS-SA. Based on second quarter results, TCE was detected in CBS-3A at an 

estimated concentration of 2 µg/L, but was not detected in CBS-SA. In addition to 

CBS-3A, TCE was detected at an estimated concentration of 1 µg/L in a sample 

collected from one onsite well, NMW-2A, during the second quarter. During the 

third quarter, TCE was detected in onsite wells CBS-4A and CBS-3A at estimated 

concentrations of 2 µg/1.. and 6 µg/L, respectively. TCE was also detected in 

CBS-3A at an estimated concentration of 5 µg/L during the fourth quarter. In 

addition to CBS-3A, TCE was also detected in onsite well NMW-2A at an estimated 

concentration of 2 µg/L during the fourth quarter. 

Estimated concentrations of TCE detected in onsite wells did not exceed the current 

MCL of 5 µg/L. TCE concentrations detected in onsite wells CBS-3A, CBS-SA, 

NMW-2A, and CBS-4A exceeded the current MCLG of 0 µg/L. The detection limit 

of 10 µg/L for TCE exceeded both the MCL and MCLG during all quarters. 

5.2.2.14 1.1.2-Trichloroethane. 1, 1,2-Trichloroethane (1, 1,2-TCA) was not 

detected in samples collected from background or upgradient wells during the 

second and fourth quarters. 1 , 1 ,2-TCA was not detected in onsite wells during the 

first, third, and fourth quarters. 1, 1,2-TCA was detected in onsite well NMW-1 A 

during the second quarter at an estimated concentration of 51 µg/L. This estimated 

concentration exceeded the proposed MCL of 5 µg/L and the proposed MCLG of 

3 µg/L. The detection limit of 10 µg/L for 1, 1,2-TCA exceeded both the proposed 

MCL and the proposed MCLG for the remainder of the samples. 

5:2.2.15 Benzene. Benzene was not detected in samples collected from 

background or upgradient wells during the second and fourth quarters. Benzene 

was detected in onsite well NMW-1A at concentrations of 350 µg/L during the first 

quarter, 480 µg/L during the second quarter, 230 µg/L during the third quarter, and 

86 µg/L during the fourth quarter. Benzene concentrations detected in NMW-1A 
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exceeded the current MCL of 5 µg/L and the MCLG of 0 µg/L during all quarters. 

The detection limit of 10 µg/L for benzene exceeded both the MCL and the MCLG 

for the remainder of the samples. 

5.2.2.16 Tetrachloroethene. Tetrachloroethene (PCE) was not detected in 

samples collected from background wells during the second and fourth quarters. 

PCE was detected in upgradient well TL-12A during the second quarter at an 

estimated concentration of 1 µg/L. PCE was detected in two onsite wells, MW-5A 

and NMW-3A. PCE was detected in MW-5A during the first and second quarters at 

estimated concentrations of 3 µg/L and 4 µg/L, respectively. PCE was detected in 

NMW-3A during all four quarters at estimated concentrations of 3 µg/L during the 

first quarter, and 4 µg/L during the second, third, and fourth quarters. 

Estimated PCE concentrations that were detected in samples collected from wells 

MW-5A and NMW-3A did not exceed the current MCL of 5 µg/L, but did exceed the 

,_ .. "\, current MCLG of 0 µg/L. The detection limit of 10 µg/L for PCE exceeded both the 

( MCL and the MCLG for the remainder of the samples. 

5.2.2.17 Toluene. Toluene was detected in background well TL-16A during the 

second quarter at an estimated concentration of 2 µg/L. Toluene was detected in 

offsite and upgradient well CBS-1 0A during the second quarter at an estimated 

concentration of 2 µg/L. 

Toluene was detected in samples collected from two onsite wells, NMW-1A and 

NMW-5A. Toluene was detected in NMW-1A during all four quarters at concentra

tions of 610, 770, 170, and 51 µg/L, respectively. Toluene was detected in NMW-

5A during the first quarter at an estimated concentration of 1 µg/L. Toluene 

concentrations detected in onsite wells did not exceed the current MCL and MCLG 

of 1,000 µg/L. Toluene concentrations detected in onsite well NMW-1A exceeded 

the proposed SMCL of 40 µg/L during all quarters. 
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5.2.2.18 Ethyl Benzene. Ethyl benzene was not detected in samples collected 

from background or upgradient wells during the second and fourth quarters. Ethyl 

benzene was detected in samples collected from onsite well NMW-1A during all 

four quarters at concentrations of 600, 1 ,000, 600, and 1 50 pg/L, respectively. 

Ethyl benzene concentrations detected in onsite well NMW-1 A exceeded the current 

Mel and Me LG of 700 pg/L during the second quarter only. Ethyl benzene 

concentrations detected in NMW-1 A exceeded the proposed SMCL of 30 µg/L 

during all quarters. 

5.2.2.19 Styrene. Styrene was not detected in samples collected from back-

ground or upgradient wells during the second and fourth quarters. Styrene was 

detected in onsite well NMW-1A at an estimated concentration of 3 µg/L during the 

fourth quarter. The concentration of styrene detected in the sample collected from 

NMW-1 A did not exceed the current MCL and MeLG of 100 µg/L. 

5.2.2.20 Xylenes <total>. Xylenes were not detected in samples collected from 

background or upgradient wells during the second and fourth quarters. Xylenes 

were detected in onsite well NMW-1 A during all four quarters at estimated concen

trations of 1,800, 2,300, 644, and 141 pg/L, respectively. Concentrations of total 

xylenes detected in samples collected from NMW-1A did not exceed the current 

MCL and MeLG of 10,000 µg/L. Total xylene concentrations detected in samples 

collected from NMW-1A exceeded the proposed SMeL of 20 µg/L during all 

quarters. 

5.2.2.21 Tentatively Identified Volatile Organic Compounds. Tentatively 

identified compounds (TICs) were reported by the laboratory for several voes in 

samples collected from several wells. A brief discussion of some of these TICs is 

presented herein. Database printouts (analytical results) for voe TICs detected in 

groundwater samples are provided in Section 7 .0 of the Data Appendix. 

Dichlorofluoromethane was tentatively identified in upgradient wells TL-12A and 

TL-13A at estimated concentrations of 37 and 5 pg/L, respectively, during the 
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second quarter, and at estimated concentrations of 29 and 19 µg/L, respectively, 

during the fourth quarter. Hexane was tentatively identified in wells TL-13A and 

TL-23A during the second quarter and may be attributed to laboratory 

contamination. 1-Methylnaphthalene was tentatively identified in upgradient well 

CBS-10A at an estimated concentration of 6 µg/L during the fourth quarter. voe 
TICs were not reported for groundwater samples collected from the background 

wells during the second quarter. During the fourth quarter, pentadecane was 

tentatively identified in background well CBS-9A at an estimated concentration of 

10 µg/L. 

During the first quarter, Tl Cs were identified in samples collected from three onsite 

wells. Approximately 4,370 µg/L of benzene isomers and other related compounds 

were tentatively identified in a groundwater sample from NMW-1 A. Trichlorofluoro

methane was tentatively identified in MW-5A and STM-1 A at estim8:ted concentra

tions of 92 µg/L and 4 µg/L, respectively. 

During the second quarter, at)proximately 6,300 µg/L of TICs with unknown 

identities were detected in a sample collected from NMW-1 A. Trichloro-fluoro

methane was again tentatively identified in MW-5A at an estimated concentration 

of 43 µg/L. Trichlorofl-uoromethane was also tentatively identified in NMW-38, 

NMW-3C, and NMW-4A at estimated concentrations of 12 µg/L, 11 µg/L, and 

18 µg/L respectively. Hexane was tentatively identified in samples collected from 

five wells during the second quarter. Hexane was also tentatively identified in three 

field blanks collected during the second quarter and is likely attributed to laboratory 

contamination. Other TICs of unknown identity were reported in samples collected 

from NMW-2A, NMW-3C, NMW-4A, NMW-58, NMW-5C, CBS-7A, CBS-SA, 

CBS-11A, STM-1A, and STM-2A. Unknown TICs were also reported in six field 

blank samples collected during the second quarter. 

During the third quarter, approximately 2,570 µg/L of benzene isomers and other 

related compounds were tentatively identified in a sample collected from NMW-1 A. 
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Trichlorofluoromethane was tentatively identified in samples collected from 

NMW-2A and MW-5A at estimated concentrations of 14 and 64 µg/L, respectively. 

Approximately 1 ,289 µg/L of tentatively identified compounds were detected in a 

sample collected from NMW-1A. Again, trichlorofluoromethane was tentatively 

identified in NMW-2A and MW-5A at estimated concentrations of 18 and 68 µg/L. 

Tetradecane was tentatively identified in samples collected from wells NMW-5C 

and NMW-5A at estimated concentrations of 10 and 38 µg/L, respectively. 

Pentadecane was tentatively identified in samples collected from NMW-3C, 

CBS-3A, and CBS-9A at estimated concentrations of 6, 9, and 10 µg/L, 

respectively. 

5.2.2.22 Summary of VOC Occurrences. VOCs were generally undetected in 

upper aquifer groundwater samples collected from wells in the northern and 

extreme southern portions of the STF site (see Figure GW-36). Samples collected 

from onsite well NMW-1 A at Pioneer Builders Supply contained the highest concen

trations of voes detected during this investigation. Samples collected from some 

onsite wells in the south-central portion of the site contained low concentrations of 

VOCs (usually < 10 µg/L). Samples collected from offsite and upgradient wells 

TL-12A, TL-13A, and CBS-1 0A, and background wells TL-16A and WCC-2 also 

contained low concentrations of voes. 

Possible sources for voes detected in NMW-1 A include underground storage tanks 

(see Phase I Soil Investigation Report; Kennedy/Jenks Consultants 1992) and/or 

other potential local sources. Based on the occurrence of voes detected in 

groundwater samples collected from the southern part of the site, the variety of 

chemical compounds that were detected, and the low concentrations of detected 

compounds, it is possible that several unknown sources for voes are present. 

Possible sources for voes detected in samples collected from CBS-SA include 

infiltration of surface water through the surface housing and/or surface seal of the 

wen. 
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5.2.3 Semivolatiles (excluding PAHs) 

Semivolatile analyses were performed on samples collected during the second 

quarter. PAHs that were detected using the EPA CLP method. for semivolatile 

analysis are presented in Section 7 .0 of the Data Appendix, but not discussed in 

this report. PAHs detected using EPA Method 8310 are discussed in Section 5.2.1. 

Semivolatiles were not detected in samples collected from background wells during 

the second quarter. Bis(2-ethylhexyl)phthalate was detected in well TL-16A at an 

estimated concentration of 5 µg/L during the fourth quarter. Bis(2-ethylhexyl)

phthalate was detected in samples collected during the second and fourth quarters 

from upgradient well TL-12A at a concentration of 20 µg/L. Di-n-butyl-phthalate 

was detected in the sample collected from TL-12A during the fourth quarter at an 

estimated concentration of 0.6 µg/L. 

----,, Semivolatiles were detected in two onsite wells, NMW-1A and CBS-SA, during the 

t second, third, and fourth quarters. Semivolatiles detected in NMW-1 A included 

4-methylphenol, 2,4-dimethylphenol, and 2-methylnaphthalene. 2-Methylnaphtha

lene, dibenzofuran, bis(2-ethylhexyl)phthalate, and carbazole were detected in CBS

SA. In addition, diethylphthalate and bis(2-ethylhexyl)phthalate were detected in 

onsite well NMW-2A during the fourth quarter. Bis(2-ethylhexyl)phthalate was also 

detected in onsite well NMW-5C during the fourth quarter. Semivolatiles (excluding 

PAHs) detected in samples collected from onsite and upgradient wells are shown in 

Figure GW-37. 

l 

The concentration of bis(2-ethylhexyl)phthalate detected in the sample collected 

from NMW-1 A during the third quarter exceeded the proposed MCL of 4 µg/L. 

Bis(2-ethylhexyl)phthalate concentrations detected in samples collected from onsite 

wells during the third and fourth quarters exceeded the proposed MCLG of 0 µg/L. 

The detection limit of 10 µg/L for bis(2-ethylhexyl)phthalate exceeded both the 

proposed MCL and proposed MCLG for the remainder of the samples. 
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MCLs, MCLGs, and SMCLs do not exist and have not been proposed for the other 

semivolatiles that were detected in groundwater during this investigation. 

5.2.3.1 Tentatively Identified Semivolatile Compounds. Numerous TICs were 

reported by the laboratory for semivolatiles in samples collected from several wells 

and in field blanks. A discussion of these TICs is not presented in this report. 

Database printouts (analytical results) for semivolatile TICs detected in quarter 

groundwater samples are presented in Section 7 .0 of the Data Appendix. 

5.2.3.2 Summary of Semivolatile Compound Occurrences. Possible sources for 

semivolatile compounds detected in NMW-1A include underground storage tanks 

(see the Phase I Soil Investigation Report; Kennedy/Jenks Consultants 1992) and/or 

other potential local sources. Possible sources for semivolatile compounds detected 

in CBS-SA include fill material in the Former Swamp/Lakebed area, infiltration of 

stormwater from onsite and/or offsite sources, and infiltration of surface water 

through the surface housing and/or surface seal of the well. 

5.3 ANCILLARY PARAMETERS 

Other parameters analyzed during the Phase I Groundwater Investigation include 

total suspended solids (TSS}, total dissolved solids (TDS), and total organic carbon 

(TOC). Results of these analyses are summarized in Table GW-16. 

TSS measurements indicate the quantities of solids that are present in the sample 

at sizes > 0.45 microns. Detectable suspended solids were detected in samples 

collected from onsite wells NMW-1A, NMW-2A, NMW-3A, NMW-38, NMW-3C, 

NMW-4A, NMW-5A, NMW-5C, CBS-5A, CBS-SA, CBS-9A, and STM-4A. The 

presence of suspended solids in groundwater samples could increase the concentra

tions of chemical constituents detected by analytical methods. Inorganic analyses 

are especially affected because the methods used for the first and second quarter 

samples analyzed for total rather than dissolved concentrations of constituents. 
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TABLE GW-16 Page 1 of 2 

TSS, TDS, and TOC1•1 

DETECTED IN ONSITE, BACKGROUND, AND UPGRADIENT WELLS 
DURING SECOND QUARTER (JULY/AUGUST 1991) AND FOURTH QUARTER (JANUARY 1992) 

TSS (mall) TDS (mall) TOC 11all) 
Well No. Second Quarter Fourth Quarter Second Quarter Fourth Quarter Second Quarter Fourth Quarter 

ONSITE 
NMW-1A u 10 31 280 230 12,300 5,600 
NMW-2A u 10 16 420 390 21,300 22,600 
NMW-3A 13 26 180 200 2,500 J4 1,700 
NMW-3B u 10 34 120 97 1,000 J4 u 1,000 
NMW-3C u 10 26 100 63 1,300 J4 u 1,000 
NMW-4A u 10 19 1,000 470 4,400 J4 9 400 
NMW-5A 10 u 10 86 95 1,200 J4 u 1,000 
NMW-5B u 10 u 10 160 110 u 1,000 u 1,000 
NMW-5C u 10 79 240 220 u 1,000 u 1,000 
NMW-6A u 10 u 10 82 175 1,200 J4 1,000 
NMW-7A u 10 u 10 . 130 143 1,400 J4 1,000 
CBS-1A u 10 u 10 100 62 u 1,000 5,900 
CBS-3A u 10 u 10 140 105 1,000 u 1,000 
CBS-4A u 10 u 10 130 73 u 1 000 1,000 
CBS-5A u 10 31 130 110 u 1,000 u 1,000 
CBS-7A u 10 u 10 120 140 7,300 J4 u 1 000 
CBS-BA 43 15 720 800 18,700 25,700 
CBS-9A 13 62 320 200 19,100 14,100 
CBS-11A u 10 u 10 180 140 1,100 J4 u 1,000 
MW-1A u 10 u 10 30 37 1,300 J4 1,700 
MW-3A u 10 u 10 77 52 2,000 J4 u 1,000 
MW-5A u 10 u 10 34 79 u 1,000 u 1,000 
STM-1A u 10 u 10 140 u 10 u 1,000 1,200 
STM-2A u 10 u 10 550 470 2,900 J4 2.400 
STM-3A u 10 u 10 690 410 4,800 J4 1,900 
STM-4A u 10 u 48 240 170 2,300 J4 1,600 
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TABLE GW-16 Page 2 of 2 

TSS, TDS, and TOC181 

DETECTED IN ONSITE, BACKGROUND, AND UPGRADIENT WELLS 
DURING SECOND QUARTER (JULY/AUGUST 1991) AND FOURTH QUARTER (JANUARY 1992) 

TSS (mg/L) 
Well No. Second Quarter 

BACKGROUND 
CBS-SA u 10 
CBS-9A 13 
89.7-P1 56 
TL-16A 130 
WCC-2 u 10 

UPGRADIENT 
CBS-10A u 10 
TL-12A 19 
TL-13A 19 
TL-14A 22 
TL-23A 18 

(a) TSS = Total suspended solids. 
TDS = Total dissolved solids. 
TOC = Total organic carbon. 

Fourth Quar,ter 

31 
62 

u 10 
490 

48 

31 
45 
61 

u 10 
150 

TDS (mall) TOC1 r1a/L) 
Second Quarter Fourth Quarter Second Quarter Fourth Quarter 

130 110 u 1,000 u 1,000 
. 320 200 19,100 14,100 

540 1,800 u 1,000 1,000 
120 160 4,800 J4 3,300 
130 110 2,300 J4 14,200 

320 200 1,200 J4 u 1,000 
350 210 1,900 J4 u 1,000 

81 140 1,800 J4 u 1,000 
150 140 u 1,000 J4 u 1,000 
240 300 1,300 J4 6,400 

(b) Letters preceding the concentration value are laboratory qualifiers. Letters following the concentration value are data validation qualifiers. 
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Suspended solids in groundwater are likely to consist of naturally occurring mineral 

species composed of inorganic constituents. 

The concentration of TDS in groundwater is determined by weighing the solid 

residue obtained by evaporating a measured volume of filtered sample to dryness. 

Concentrations of TDS in onsite wells ranged from 30 to 1 ,000 mg/L during the 

second quarter, and from 37 to 800 mg/L during the fourth quarter. Concentra

tions of TDS exceeded the SMCL of 500 mg/L during the second quarter in four 

onsite wells: NMW-4A, CBS-SA, STM-2A, and STM-3A. The SMCL was exceeded 

in only one onsite well, CBS-SA, during the fourth quarter. 

TOC is a measurement of both naturally occurring and anthropogenic organic 

carbon in groundwater. TOC concentrations in onsite wells ranged from undetected 

at < 1,000 to 21,300 µg/L in NMW-2A during the second quarter. TOC concentra

tions ranged from undetected at < 1,000 to 22,600 µg/L in NMW-2A during the 

:-, fourth quarter. NMW-2A and CBS-9A were the only wells sampled that exceeded 
' 

the highest background concentration of TOC. Samples collected from NMW-1A, 

NMW-4A, CBS-1 A, CBS-SA, and CBS-9A also contained TOC concentrations that 

were much greater than most concentrations detected in samples collected from 

most background and onsite wells. High concentrations of other analytes were also 

detected in samples collected from these wells, suggesting that TOC in these wells 

may be attributed to anthropogenic sources. Concentrations of TOC in upgradient 

well samples were uniformly low, ranging from < 1 ,000 µg/L to 1 ,900 µg/L in 

TL-12A during second quarter and from < 1,000 µg/L to 6,400 µg/L in TL-23A 

during the fourth quarter. 

5.4 GEOTECHNICAL PARAMETERS 

One soil sample was collected from the saturated zone in each of the seven wells 

that were installed in the upper aquifer during this investigation. Vertical hydraulic 

conductivity measurements were conducted in the laboratory by Golder Associates 
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using a flexible wall permeameter with back-pressure saturation in accordance with ( 

ASTM 854. Porosity values were calculated using the dry density and specific 

gravity values that were provided for each of the samples. Results of these 

measurements are shown in Table GW-1 7. 

5.5 FIELD MEASUREMENTS 

Purging of the wells was completed prior to groundwater sampling during each of 

the quarterly sampling events. Field measurements recorded for groundwater 

during the purging process included temperature, specific conductance, and pH. 

The last of these measurements taken prior to sampling was considered to be the 

value of that parameter for the groundwater sample. Table GW-18 is a list of the 

field measurements for temperature, specific conductance, and pH of groundwater 

samples for all four quarters of this investigation. 
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Well Depthl•I 
Number (ft) 

NMW-1A 25.5 

NMW-2A 26.5 

NMW-3A 27.5 

NMW-4A 23.5 

NMW-5A 29.0 

NMW-6A 27.0 

NMW-7A 28.5 

TABLE GW-17 

GEOTECHNICAL SOIL PARAMETERS 
UPPER AQUIFER 

Dry Density Specific Vertical 
(pcf) Gravity1b1 K(cm/sec)101 n (CJE,)ldl 

115.1 2.75 2x10"" 32.9 

113.3 · 2.75 6x10·6 34.0 

93.9 2.70 5x,0·5 44.3 

115.9 2.70 2x10·4 31.2 

103.2 2.68 1x10·4 38.3 

107.9 2.70 1x10"" 36.4 

105.4 2.75 6x10·6 38.6 

(a) Depth refers to depth at the bottom of the sampled interval. 
(bl Evaluated using ASTM 854. 

uscs1•1 uses'" 
SP SW 

SP SM/SW 

SP SP 

SP SP 

SP SP 

SW/SM SP 

SP SW 

(cl K = Hydraulic conductivity evaluated by constant-head computations using flexible wall permeameter with 
back-pressure saturation (ASTM 2434). Tests performed by Golder Associates. 

(di n = Porosity, calculated using this equation: 

where: 

pd = Dry density 
G = Specific gravity. 

pd ) X 100% 
62 .4G 

(el Unified Soil Classification System; field designation (visual-manual procedure) for soil type by Kennedy/Jenks 
Consultants field geologist. 

(fl Unified Soil Classification System; laboratory designation (visual-manual) for soil type by Golder Associates. 
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TABLE GW-18 

FIELD MEASUREMENTS OF GROUNDWATER PARAMETERS 
UPPER AQUIFER 

I Well No. I 
pH Temperature (°C) Conductivity (pmhos/cm) 

1st 2nd 3rd 4th 1st 2nd 3rd 4th 1st 2nd 3rd 
Quarter Quarter Quarter Quarter Quarter Quarter Quarter Quarter Quarter Quarter Quarter 

NMW-1A 6.94 6.60 6.90 7.00 13.5 13.9 13.4 12.6 327.0 297.0 542.0 
NMW-2A 6.98 6.10 6.50 7.30 10.7 13.0 12.0 10.7 526.0 4,970.0 877.0 
NMW-3A 7.09 6.70 6.80 6.50 13.0 14.0 12.3 12.9 202.0 179.0 282.0 
NMW-3B 8.50 6.40 7.70 8.00 11. 7 14.2 9.4 9.7 196.5 141.0 209.0 
NMW-3C 8.86 7.20 7.20 7.50 10.4 13.9 9.8 9.8 144.3 110.0 173.4 
NMW-4A 4.50 5.80 6.70 6.50 11. 1 12.9 11.6 10.0 2,020 1,110.0 741.0 
NMW-5A 5.00 6.70 7.60 7.60 10.0 12.3 11.2 10.6 155.2 105.0 221.0 
NMW-5B 7.801111 7.20 8.20 8.10 10.21111 14.4 11.2 9.2 224.0 142.0 23.7.0 
NMW-5C 7.50 7.30 7.70 7.40 13.3 14.0 11.3 11.0 289.0 201.0 325.0 
NMW-6A 6.70 5.80 6.30 7.10 13.3 12.1 10.9 11.3 144.6 61.7 224.0 
NMW-7A 7.03 6.50 6.70 7.30 11.6 12.7 11.5 12.5 196.0 19.8 195.9 
CBS-1A 7.42 5.90 6.40 7.10 13.1 13.9 11.9 11.8 135.2 80.0 119.8 
CBS-3A 5.50 6.10 7.20 6.90 10.5 13.1 11.6 11.4 188.6 130.0 162.6 
CBS-4A 5.00 6.50 7.00 7.50 10.1 13.8 13.1 12.8 267.0 175.0 251.0 
CBS-5A 5.00 6.40 6.60 7.40 11.7 12.5 11.2 11.8 158.0 97.0 150.4 
CBS-7A 6.80 6.90 7.90 7.50 19.1 14.1 12.2 13.0 184.6 115.0 181.1 
CBS-SA 8.22 6.60 6.70 6.80 9.4 12.5 12.3 10.8 1,055 820.0 1,298 
CBS-9A 7.30 6.20 6.40 6.50 10.0 12.0 9.7 10.1 505.0 262.0 369.0 
CBS-11A 6.91 6.80 7.50 7.20 14.8 13.4 10.3 12.1 244.0 172.0 263.0 
MW-1A 6.36 6.70 6.60 7.20 10.3 15.4 13.1 13.4 130.6 42.0 157.3 
MW-3A 6.42 6.20 6.70 6.80 8.5 11.3 8.9 9.6 125.5 79.0 112.1 
MW-SA 5.00 6.40 6.60 7.30 13.7 13.8 11.5 13.2 133.0 62.0 134.2 
STM-1A 8.25 8.50 9.40 8.50 11. 7 13.4 10.4 11.2 221.0 120.0 197.0 
STM-2A 7.27 6.80 7.60 7.60 14.1 13.2 10.8 10.7 1,032 500.0 896.0 
STM-3A 7.13 6.40 7.00 7.80 13.4 12.2 10.6 10.5 487.0 520.0 748.0 
STM-4A 6.71 6.60 6.90 8.30 14.1 12.5 11.0 11.2 299.0 211.0 364 

(a) Measurement was not recorded. Data provided are from well development field measurement taken at the end of development. 
(b) Measurement was not recorded. 

GW-18 

4th 
Quarter 

_lbl 

-
-

210.0 
198.5 

-
128.6 
242.0 
355.0 
283.0 
249.0 
104.3 
170.1 

-
-
-
-

439.0 
-
-
-
-
-
-
-
-
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6.0 CONCLUSIONS AND RECOMMENDATIONS 

6. 1 CONCLUSIONS 

Based on the results of the Phase I Groundwater Investigation, the following 

conclusions are presented for the hydrogeologic conditions and chemical character

ization of groundwater at the STF site. 

6.1.1 Hydrogeology 

• Geologic units that were encountered beneath the STF site are correlative with 

the regional stratigraphy. Units appear to be laterally continuous with the 

subsurface units beneath the Tacoma Landfill to the west. 

• The upper aquifer at the STF site is in the Colvos Sand unit of the Vashon Drift. 

This unit is composed of fine to medium, poorly graded to well-graded sand 

overlying a gravel unit. This aquifer is laterally continuous with the upper 

aquifer at the Tacoma Landfill. 

• The regional confining layers identified as hydrostratigraphic layers A 1 and B by 

Brown and Caldwell (1985) were encountered beneath the STF site. At the 

STF site, layer A, varies in thickness from approximately 6 to 37 feet where 

encountered during drilling. Layer B, the Kitsap Formation, varies from approxi

mately 2 to 15 feet where encountered at the STF site during drilling. 

• The presence of a groundwater divide/recharge area in the vicinity of the STF 

site appears related to the absence of the glacial till unit that usually overlies 

the Colvos Sand throughout the region. The till is absent in the South Tacoma 

Channel due to nondeposition and/or erosion, leaving the more highly 
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transmissive Colvos Sand and possibly the Steilacoom gravels exposed at the 

surface. This feature should promote more rapid infiltration of precipitation and 

surface water through the unsaturated zone into the saturated zone. 

• Hydraulic gradient reversals occur at the STF site during pumping of City of 

Tacoma production wells 4A, SA, and 11 A. A cone of depression is created in 

the upper aquifer across the STF site, and the hydraulic gradient reverses to a 

direction toward the production wells. The hydraulic gradient direction in the 

extreme southwest portion of the STF site does not appear to be affected by 

this gradient reversal, although the gradient appears to become less steep 

during the pumping events. 

6. 1.2 Groundwater Analytical Results 

6.1.2.1 lnorqanics. Concentrations of the naturally occurring inorganic elements 

were generally within the 95% UCL of background concentrations in upper aquifer 

groundwater samples collected from wells in the northern and eastern portions of 

the site (NMW-7 A, CBS-1 A, NMW-6A, NMW-5A, CBS-2A, CBS-3A, CBS-7 A, 

MW-5A, MW-1A, CBS.:.4A, CBS-11A, and CBS-5A). 

Upper aquifer groundwater samples collected from onsite wells in the Airport and 

Former Swamp/Lakebed areas (NMW-4A, NMW-3A, NMW-2A, CBS-SA, MW-3A, 

and CBS-9A), the railcar cleanout area (STM-1 A, STM-2A, STM-3A, and STM-4A), 

and at Pioneer Builders Supply (NMW-1 A) contained ccmcentrations of naturally 

occurring inorganics that were greater than the 95% UCL of background 

concentrations. Upgradient wells TL-12A, TL-13A, and TL-23A contained 

inorganics that also were greater than the 95% UCL of background concentrations. 

Some of the highest concentrations of inorganics (including aluminum, chromium, 

cobalt, copper, iron, lead, vanadium, and zinc) were detected in samples collected 

from off site and upgradient well CBS-1 0A, located outside the southeast corner of 

the site. 
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Concentrations of detected inorganics were compared to existing and proposed 

Federal MCLs, Als, MCLGs, and SMCLs. Inorganic concentrations for samples 

collected from onsite wells exceeded the regulatory criteria as follows: 

• Aluminum concentrations exceeded the proposed SMCL of 50 µg/L in 11 

wells during the first quarter, 11 wells during the second quarter, 10 wells 

during the third quarter, and 4 wells during the fourth quarter. Most of the 

high aluminum concentrations are likely caused by suspended solids, 

especially clay particles, in the groundwater. 

• Antimony concentrations detected in samples collected from onsite wells 

CBS-SA and MW-3A during the third quarter and onsite well CBS-SA during 

the fourth quarter exceeded the proposed MCL of 5 or 10 µg/L. 

• Arsenic concentrations detected in samples collected from onsite well 

NMW-2A during the first quarter exceeded the current MCL of 50 µg/L. 

• Beryllium concentrations detected in samples collected from onsite wells 

STM-3A and STM-4A during the fourth quarter exceeded the proposed 

MCL of 1 µg/L 

• Iron concentrations exceeded the current SMCL of 300 µg/L in 1 6 wells 

during the first quarter, 10 wells during the second quarter, 14 wells during 

the third quarter, and 9 wells during the fourth quarter. Manganese 

concentrations exceeded the current SMCL of 50 µg/L in 13 wells during 

the first quarter, 1 2 wells during the second quarter, 14 wells during the 

tl:tird quarter, and 1 0 wells during the fourth quarter. High iron and manga

nese concentrations were detected at other locations in the Puget Sound 

region and may be attributed to naturally occurring constituents (Turney 

1986). 

RI APPENDIX GW 
FINAL REPORT GW6-3 916055.08 



• Lead concentrations detected in samples collected from onsite well CBS-SA 

exceeded the current AL of 1 5 µg/L and the current MCL of 50 µg/L during 

the first, second, and fourth quarters. 

• Nickel concentrations detected in samples collected from onsite well 

NMW-4A exceeded the proposed MCL of 100 µg/L during the first, second, 

and fourth quarters. 

Potential anthropogenic sources for the inorganic constituents that were detected in 

samples collected from the Airport and Former Swamp/Lakebed areas include 

leaching of fill material deposited in the Former Swamp/Lakebed area, infiltration of 

stormwater from onsite and offsite sources, and offsite sources including the 

Tacoma Landfill. Possible additional sources for some of the constituents detected 

in CBS-SA include infiltration of surface water into the groundwater through the 

surface housing and/or surface seal of the well casing. Potential anthropogenic 

sources for the inorganics det~cted in samples collected from the railcar cleanout 

area include calcium and magnesium from lime deposits from cleaning of railcars, 

and zinc from galvanized well casing material. Possible sources for inorganics 

detected in samples collected from Pioneer Builders Supply (NMW-1 A) include local 

unknown sources and transport of off site groundwater. from the vicinity of off site 

and upgradient well CBS-10A. Summary tables for inorganic chemical constituents 

detected in each of these wells are provided in Appendix GW-C. 

6.1.2.2 voes. voes were generally undetected in upper aquifer groundwater 

samples collected from wells in the northern and extreme southern portions of the 

STF site (see Figure GW-36). Onsite well NMW-1A at Pioneer Builders Supply 

contained the highest concentrations of voes detected during this investigation. 

Some onsite wells in the south-central portion of the site contained low concentra

tions of voes (usually less than 1 0 µg/L). Samples collected from offsite and 

upgradient wells TL-12A and CBS-1 0A, and background wells TL-16A and WCC-2 

also contained low concentrations of voes. 
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Possible sources for VO Cs detected in NMW-1 A include underground storage tanks 

(see the Phase I Soil Investigation Report; Kennedy/Jenks Consultants 1992a) 

and/or other potential local sources.· Based on the occurrence of VOCs detected in 

groundwater samples collected from the southern part of the site, the variety of 

chemical compounds that were detected, and the low concentrations of detected 

compounds, it is possible that several unknown sources for voes are present. 

Possible sources for VOCs detected in samples collected from CBS-SA include 

infiltration of surface water through the surface housing and/or surface seal of the 

well. 

6.1.2.3 PAHs and Semivolatile Compounds. PAHs and semivolatile compounds 

were generally detected in only two onsite wells, NMW-1A and CBS-SA, during this 

investigation. Possible sources for PAHs and semivolatile compounds detected in 

samples collected from NMW-1 A include underground storage tanks (see the Phase 

I Soil Investigation Report; Kennedy/Jenks Consultants 1992a) and/or other 

potential local sources. Possible sources for PAHs and semivolatile compounds 

detected in samples collected from CBS-SA include fill material in the Former 

Swamp/Lakebed area, infiltration of stormwater from onsite and/or offsite sources, 

and infiltration of surface water through the surface housing and/or surface seal of 

the well. 

6.2 RECOMMENDATION 

Based on information collected during this Phase I Groundwater Investigation and 

presented in this report, the conclusions summarized above, and results of pre

liminary subsurface drilling at the Tacoma City Light property (see Phase I Soil 

Investigation Report; Kennedy/Jenks Consultants 1992a), the following recommen

dation is proposed for further groundwater investigations at the STF site. 

• Abandon CBS-SA in accordance with the Final Work Plan (ICF 1990b) and 

WAC 173-160. Based on the age of the well, the near-surface occurrence 
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of groundwater, and the observed submergence of the well during heavy 

precipitation storm events, the well is considered to be unsuitable for 

groundwater sampling purposes and could be acting as a conduit for 

infiltration of surface water to the saturated zone. 
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MAJOR DIVISIONS 

GRAVELS 

GROUP GRAPHIC 
SYMBOL SYMBOL 

TYPICAL NAMES 

POORLY GRADED GRAVELS, GRAVEL-SAND 

MORE THAN so:; 
COARSE FRACTION 
IS LARGER THAN 

GP 0 o MIXTURE. 

NO. 4 SIEVE SIZE GRAVELS 
WITH OVER 15:C 
FINES 

GM 

GC 

CLEAN SANDS SW . . 

0 

0 

0 

. . . . 
. . . 

CLAYEY GRAVELS, POORLY GRADED 
GRAVEL-SANO CLAY MIXTURE 

SILTY GRAVELS, POORLY GRADED 
GRAVEL-SAND CLAY MIXTURES 

WELL-GRADED SANOS, GRAVELLY SANOS 

SANDS 
WITH LITTLE OR1------+,,,.......,...,..--,.•.-..,-, -rl-------------------i 

MORE THAN 50,C 
COARSE FRACTION 

NO FINES SP ... : . .-... _: . .- .... :.: ............. . : ...... · .. · . ·.•. ·.-. ·.· 

IS SMALLER THAN SANDS 
NO. 4 SIEVE SIZE WITH OVER ISlC 

FINES 

SILTS AND CLAYS 
LIQUID LIMIT 50:C OR LESS 

SILTS AND CLAYS 

LIQUID LIMIT GREATER THAN SOlC 

SM 

SC 

ML 

CL 

OL 

MH 

CH 

OH 

! I! I!! I I!! i 
11111111111 

I I 11111111 
11 I 11 11 1111 
11 I I I JI 11 I I 

~-----

POORLY-GRADED SANDS, GRAVELLY SANDS 

SILTY GRAVELS, POORLY GRADED 
SAND-SILT MIXTURES 

CLAYEY SANOS, POORLY GRADED 
SAN~LAY MIXTURES 

INORGANIC SILTS ANO VERY FINE SANDS, 
ROCK FLOUR SILTY OR CLAYEY FINE 
SANOS, OR CLAYEY SILTS WITH SLIGHT 
PLASTICITY 
INORGANIC CLAYS OF LOW TO MEDIUM 
PLASTICITY, GRAVELLY CLAYS, SANDY 
CLAYS SILTY CLAYS, LEAN CLAY 

ORGANIC CLAYS ANO ORGANIC SILTY 
CLAYS OF LOW PLASTICITY 

INORGANIC SILTS, MICACEOUS OR 
DIATOMACEOUS FINE SANDY OR SILTY 
SOILS, ELASTIC SILTS 

INORGANIC CLAYS OF HIGH PLASTICITY, 
FAT CLAYS 

ORGANIC CLAYS OF MEDIUM TO HIGH 
PLASTICITY, ORGANIC SILTS 

Pt ~;::;::;::;:: ;::- PEAT ANO OTHER HIGHLY ORGANIC SOI LS ~---------,. 

I. LITHOLOGIC CONDITIONS WERE LOGGED USING THE UNIFIED SOIL 
CLASSIFICATION SYSTEM (USCS) IN APPROXIMATE ACCORDANCE 
WITH ASTM METHOD 24880. 

2. SUBSURFACE INFORMATION FROM BORING ANO TEST PIT LOGS 
DEPICT CONDITIONS ONLY AT THE SPECIFIC LOCATIONS AND OATES 
INDICATED. SOIL CONDITIONS ANO WATER LEVELS AT OTHER 
LOCATIONS MAY DIFFER FROM CONDITIONS AT THESE LOCATIONS. 
ALSO THE CONDITIONS AT THESE LOCATIONS MAY CHANGE WITH TIME. 

3. BLOW COUNTS INDICATE THE NUMBER OF BLONS TO DRIVE THE 
SAMPLER 6 INCHES WITH A 140 POUND HAMMER FALLING 30 INCHES. 

u 

G 

0 

RELATIVELY UNDISTURBED SAMPLE 

GRAB SAMPLE (DISTURBED) 

OTHER TYPE OF SAMPLE 

:g. GROUNDWATER FIRST ENCOUNTERED 

I WATER LEVEL AND DATE MEASURED 
-=10/31/90 

KENNEDY/ JENKS CONSULTANTS 

SOUTH TACOMA FIELD 
TACOMA, WA 

BORING LOG LEGEND 
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Boring & Well Construction Log Kennedy/ Jenks Consultants 
BORING LOCATION 

PIONEER BUILDERS SUPPLY Boring/Well Name NMW-1A 

DRILLING COMPANY 
LAYNE ENVIRONMENTAL SERVICES DRILLER DEAN PLAUTZ Project Name SOUTH TACOMA FIELD 

DRILLING METHOD 
HOLLOW-STEM AUGER 

DRILL BIT(S) SIZE: 1 O" 
O.D. Project Number 916055.08 

\ 

FROM TO FT. ISOLATION CASING 
NONE ELEVATION AND DATUM TOTAL DEPTH 

252.0 FT MSL 48.5 FT 
BLANK CASING 

4" SCHEDULE 40 PVC 
. FROM 

-2.Q TO 21.Q FT . DATE STARTED DATE COMPLETED 

PERfORA TED CASING FROM TO FT. 03/05/1991 03/06/1991 
4" 0.020" -SLOT SCHEDULE 40 PVC 21.0 46.0 INITIAL WATER DEPTH (FT) 

SIZE AND TYPE Of FILTER PACK FROM TO FT. 31.0 

10-20 COLORADO SILICA SAND 18.0 48.5 LOGGED BY 

FROM 
15.0 TO 18.0 FT. 

T.C. MORIN 
SEAL 

1 /4" BENTONITE PELLETS SAMPLING METHODS WELL COMPLETION 

□ SURFACE HOUSING 

GROUT CEMENT /BENTONITE MIX FROM 2.OTO 15.0 FT. 2.5" DRIVE SAMPLES -STAND PIPE 2.0 FT. 

SAMPLES 
WELL uses 

TYPE RECOVERY l~'~Jlr DEPTH SAMPL£ NO. 
CONSTRUCTION OVA LITHOLOGY 

LOG 
SAMPLE DESCRIPTION AND DRIWNG REMARKS 

(FEET) (BlmlS/6 IN.) 
(FEET) 

(ppm.) 

~.· •i;. Poorly graded SAND with ant and gravel 

- ~i - ... /,: Tannish gray, moist. (tonk excavation backfill 

- :J 1$ - .. ... 
material) ?~· -,f:': .. - i/i .... , - ... 

.. ~ .. ,;.., 
-~:~• 

_.,, - ... 
•.• ! .. . . 

If,('. .-_;J; 
5- r-,,;.· - I-_!;~ •_.;,, 

- :; ~-:~ ... 
... .:· lo) 

- ·:1~! .. 
~ ·~ ... 

- ~:; ·,:, 
SP/,.. •:,-! 

~ 
~. 

- :-.:.: .. SM r:-' ... 
:.-:~ ._( 

10-
. ,, :}:: - .. 
~~ .. ..... 

l'k . 
~:~ ·" ·, 
:· .. ·,, 

- ~r ~} .. 
i 

-:t: ·-·r 
',;. .... 

'·· 
.. Changes in drilling pressure indicate presence - r;\ r~t 

- .~;- ., of debris or large cobbles. 
tJ • x. .. 

1·,• .. 
15- ~ . - 1--

.. - - ... 
-

~ -3 .. Poorly graded SAND 
u 1.2 3 NMW-lA-18.5 :,: 850 .... - . ... 5 Greenish gray, wet, loose, 85% medium sand, 

- - ·.• .. . . .. .. 10% fine sand, 5% fines . Probably 
20- - - discolored, strong hydrocarbon odor. .. ... - - ----- -16 - .... - .. u 1.5 34 _ NMW-1A-23.5 - 250 Discoloration lessens. 

37 - -- ... 
SP - .. .. - - - ,. 

-
0 1.7 NMW-1 A-25.5 - .. 

25- - - ..... - .. .. 
- .. -- - ... 
-- -·. ·.· Moist. no free water. - - .. ... 

27 -
u 1.0 _ NMW-1A-2B.5 - >1000 - ~ 50 - .. 

--- - ... 
- .. 

30- - . . ..... 

' 
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Boring & Well Construction Log Kennedy/ Jenks Consultants 
Project Name SOUTH TACOMA FIELD Project Number 916055.08 Boring/Well Name NMW-lA 

SAMPLES 
WELL uses 

TYPE RECOW:RY 
PENElRAIK»I DEPlH SAMPI.£ NO. 

CONSlRUCTION OVA LITIIOI.OGY 
LOG 

SAMPLE DESCRIPTION ANO DRILLING REMARKS 
RESIST (FEETJ (FEET) {B.OIS/6 IN.) (ppm) 

- .. .. 
Continued strong odor. ..:sz. .. - .... 

- - - .. .. -- .. -- - .... .. -17 - .. 
u 1.3 32 _ NMW-1A-33.5 - -. >1000 

42 - - ·.- .. .. .. - .... -. - - .. 
I--- ·.• .. .. 

35- - . - .... 1--.. -- .. 
-- - ·.·•. •·. .. - .·. ·.· - Increasing sand. Few to little fine grovels - - .. .. coarse 

3 -- ·.• .. u 1.2 6 NMW-1A-38.5 - >1000 .. 
present. 

7 - - .... .. .. - .. - SP - - ·.·•· .. .. -- • ■ •• 

0 2.0 40- NMW-1A-41.0 - - 870 .. - Occasional - : cobbles. - .. -. - - ... •• ■ .. 
- .. 
-- - - ·.·•. .. .. -

G 0.2 20 NMW-1A-43.5 - 960 .·. ·.· 
50/3 - - - .. ... -- ·.• .. .. -. - " - ... · .. ... 

- .. 
-45- - - ·.- .. .. --- .. .·. ·.· 

Heave in borehole. - ,.__ - .. ... 
20 ·.· .. ·.·. G 1.3 34 _ NMW-lA-47.5 >1000 
26 - ...... ... .- .. 

- : .. 
- -
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Boring & Well Construction Log Kennedy/ Jenks Consultants 
BORING LOCATIDN SWAMP /LAKEBED AREA Boring/Well Name NMW-2A 

DRILLING COMPANY 
LAYNE ENVIRONMENTAL SERVICES DRILLER DEAN PLAUTZ Project Name SOUTH TACOMA FIELD 

DRILLING METHOD 
HOLLOW-STEM AUGER DRILL BIT(S) SIZE: 1 O" 0.0. i Project Number 916055.08 \ 

ISOLATION CASING f"RDM TD FT. ':.-m 

NONE ELEVATION AND DA TUM TOTAL DEPTH 
238.8 FT MSL 40.5 FT 

BLANK CASING 4" SCHEDULE 40 PVC 
- FROM 

-1.5 TD 13.0 FT. DAlE STARlED DA 1E COMPLETED 

PERF"ORA 1EO CASING FROM TD n. 03/01/1991 03/04/1991 
4" 0.01 O" -SLOT SCHEDULE 40 PVC 13.0 38.0 INITIAL WA lER DEPTH (FT) 

SIZE AND TYPE Of" FlL,~PACK FROM TO n. 18.0 

. 1 0 20 COLORADO SILICA SAND 10.0 40.0 LOGGED BY 

8.Q TO 1 Q.0 FT. 
T.C. MORIN 

SEAL 
1/4" BENTONITE PELLETS 

FROM 
SAMPLING METHODS WELL COMPLETION 

□ SURF ACE HOUSING 

GROUT CEMENT /BENTONITE MIX FROM 0.010 8.Q FT. vs· DRIVE SAMPLES -STAND PIPE 1.5 FT. 

SAMPLES 
WELL uses 

TYPE RECO\£RY 
t'tN<lRATIOO DEPTH SAMPI£ NO. 

CONSTRUCTION OVA LITHOLOGY 
LOG 

SAMPLE DESCRIPTION AND DRIWNG REMARKS 
RESIST (FEET) (FEET) (BLOWS/& at.) fonm) 

~' 
~' 

\I GW Well-graded GRAVEL with sand 

- ,:,;.- - : ... ~~:.~, i Gray, wet, 55% fine grovel, 25% medium 
'::8 

.. 
- -570 . . grovel, 20% medium to coarse sand . Grovels ;.}• 

... .. ·~ .... - ( ),~ ->1000 
.. 

)i t'. ore well rounded. 

- ~·~ .. .::-.- - .. .. 
-~: .. . ... 

KJ ,;,, .. 
10 

5- ·.T~ ~- - .. - Poorly graded SAND 
\\~ .. 

u 1.4 5 • NMW-2A-6.5 .; i.l'! • 200 .·. ·.· SP 5 -,~: .. - Reddish gray, damp, loose, 40% medium sand, ,> 

- -.~.\ ,,,. - .. . . 
10% Distinct discoloration. ·{: :I~ .... grovel. green .. ,. - - .. . . Distinct hydrocarbon odor . 

- - . ·. ·.· .. 
10- ·.· .. . . Strong odor . Discoloration absent. 

7 - .·. ·.· -
u 1.3 8 NMW-2A-11.5 • 460 

.. 
7 Sandy SILT 

270 - - Block, domp, stiff, 60% silt, 30% fine 

- .__ - ML - sand. Trace grovel, yellow --- - -- discolored patches. Slight odor. Possible -
15- - -3 -- ~m CL 

loustrine sediment. 
u 1.1 34 _ NMW-2A-16.5 - • 150 

50/5 - --- • 230 Lean CLAY - - ... - .. 
..sz. - .·. ·.· - - ... Gray, moist, soft; 80% cloy, 20% silt and fine sand. - .. -- ·.·-. .. - - ... - ... ·.· - .. 

20- - - - Poorly graded SAND 
3 - .. -

0 2.0 2 - NMW-2A-22.0 - .... 
Grayish moist 2 - - .. ... brown, dense; 70% fine sand, -

1 - .. - - - ..... ... 20% silt, 10% grovel and cobbles. Becomes -- .. 
- - - SP ... wet at about 18 feet. - .. - . .. 

- .... - - - .. ... 
-

25- - ... .. 
6 

- - : . ·.· --
u 1.2 17 _ NMW-2A-26.5 - .. - - ... 

43 - .. - .... 6"-12· - cloy lens. - - - .. ~ 

-- ... .. - - - ~ - _. .. _. 
-- - - ~ - .. -

30- - .-·1111111 SP/ - Poorly-graded SAND with aiit 

SM Light gray, wet. dense. 70% medium to fine 

sand, 30% fines. 
a 
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Boring & Well Construction Log Kennedy/ Jenks Consultants 
Project Name SOUTH TACOMA FIELD Project Number 916055.0B Boring/Well Name NMW-2A 

SAMPLES WELL uses PENElRAllCJl DEPlH SAIIPI.£ NO. 
CONSTRUCTION OVA UTHOI.OGl 

LOG 
SAMPLE DESCRIPTION AND DRILLING REMARKS 

TYPE RECO\£RY RESIST (FEET, (FEET) (aollS/611.) loom) 
4 - .. .. 

u 1.3 14 • NMW-2A-31.5 - 70 Light gray. wet, dense, 707. medium to fine - ~ 27 . -- ·.•. - - •. . ... sand, 307. silt. ---. - ' - ·.•. ... --- - - ... -- ·.•. 
35- - . - ... .. -9 - SP/ 

0 0.1 14 - 2.4 
19 - - - ·.•. SM ... --: - •. - - ... -- ·.•. - - . .. 

- - ·.·. 

3 
40- - -

G 1.2 6 • NMW-2A-41.5 -
4 -

-

Notes: 

1. OVA reading of > 1 000 ppm was measured in the drill stem at a depth of 3 feet. 
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Boring & Well Construction Log Kennedy/ Jenks Consultants 
BORING LOCATION MADISON STREET Boring/Well Name NMW-3A 

DRILLING COMPANY 
LAYNE ENVIRONMENTAL SERVICES DRILLER DEAN PLAUTZ Project Name SOUTH TACOMA FIELD 

DRILLING METHOD 
HOLLOW-STEM AUGER 

DRILL BIT(S} SIZE: 
1 O" O.D. Project Number 916055.08 

ISOLATION CASING FROM TO FT. .. ,;~ 

NONE ELEVATION AND DATUM TOTAL DEPTH 
237.3 FT MSL 40.5 FT 

BLANK CASING 
4" SCHEDULE 40 PVC 

FROM -2.2 TO 13.Q FT. DATE STARTED DA TE COMPLETED 

PERFORATED CASING FROM TD FT. 03/13/1991 03/14/1991 
4" 0.020" -SLOT SCHEDULE 40 PVC 13.0 38.0 INITIAL WATER DEPTH (FT) 

SIZE AND TYPE OF FlL TER PACK FROM TO FT. 
18.0 

10-20 COLORADO SILICA SAND 11.0 38.0 LOGGED BY 

FROM 
T.C. MORIN 

SEAL 
1 /4" BENTONITE PELLETS 9.0 TO 11.Q FT. SAMPLING METHODS WELL COMPLETION 

D SURF ACE HOUSING 

GROUT CEMENT I BENTONITE MIX FROM a.or□ 9.0 n 2.5" DRNE SAMPLES -STAND PIPE 2.2 FT. 

SAMPLES 
WELL uses 

TYPE REC01'£RY 
PEHon,,.TI!ll DEPTH SAMPlf NO. 

CON~N OVA LITHOLOGY SAMPLE DESCRIPTION AND DRIUUNG REMARKS 
RESIST 

(FEET, 
LOG 

(FEET) (BLOWS/6 IN.) (ppm) 

* ~; 
Poorly graded SAND with gravel 

- :,;. - ·.· .. ... 
10.2 : . ·: Reddish gray, moist, 65% medium sand, 30% fine .~ § .. 

- - : ... . ~- .. gravel. -~::: .. . . 
"'.!·-:. .... - -~ •. ".i- - .. SP ... 

- :.~; ;;, - .. ... 
,.•? .... 

¼ .. _;,-; .. 
Gravels decrease (less than equal to 15%). 5- .•·· .. ~,: - - or 

4 ·,•\" ~:• .· .. 
u 0.9 6 NMW-3A-6.5 

,.~--~ ;.:~ 4.1 .. .. 
12 ti f) - .. 

- -?~: - .. Poorly graded SAND 
~-~~ ... · .. 

'i;: ::t 
.. 

Greenish moist, dense; 90% medium 
\~:. - gray, 

t\ . . 
I (1 ... · .. sand, 10% fine sand. - - .. -

10- I - .. .. -11 .·. ·.· 
u 1.3 20 • NMW-3A-11.5 2.0 .. .. 

28 .. . . . . - - .. 
- .-. . . -- -·. ·.· - .. -- - .. - . . 

15- - .... 
- - ---- ·. - - .. ... -- .. - - ... -

:sz_ - .. -- - SP 
... 

--- - - . .. .. 
- .·. ·.· - .. 

20- - - ---- .... - - - .. 
-- .. - - - -- .... 
- .. 
-- - --- . . .. -- - - .. ... 
--

25- - - -- . . .. 
-

• NMW-3A-28.5 
- - ... 

0 2.5 -- . . .. -- - - ... 
--- - - ... .. - . . 
- Occasional cobbles to 2·. - - ... -- .. .. 

30- - -
•, 

w 
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Boring & Well Construction Log Kennedy/ Jenks Consultants 
Project Name SOUTH TACOMA FIELD Project Number 916055.08 Boring/Well Name NMW-3A 

SAMPLES 
WELL uses 

TYPE R£CO't£RY ""ifE°s/'Jf DEPlH SAIIPI.I NO. 
CONSTRUCTION OVA LITHOLOGY 

LOG 
SAMPLE DESCRIPTION AND DRILLING REMARKS 

(FEET) (ll.oWS/6 Ii) 
(FEEl') (ppm) 

- .... -- - - ···. '" -- • .... .. -- - - .... 
'" - .. 

-- - ' - ·.• .. '" - .. -- - - .. 
'" -- .. .. SP 35- - - ... ... -- '• -- - - • .... .. '" -- .·. ·.· - .. - •. --- ·.• .. .. 

- ~ - - . . . . .. 
- - : .. .. 

40- ·- .. .. .... 
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Boring & Well Construction Log Kennedy/ Jenks Consultants 
BORING LOCATION MADISON STREET Boring/Well Name NMW-38 

1-------------------------~-----------I ----------
DRILLING COMPANY LAYNE ENVIRONMENTAL SERVICES DRILLER RICHARD JIMENEZ Project Name SOUTH TACOMA FIELD 

~n-R,_LL-'N_G_M_c_TH_0_0_D_u_A_L_-_T_u_s_E_A_1R_P_E_R_c_u_s_s_1_o_N_H_A_M_M_E_1;..._D_R1_LL_e_1T_cs_i _si_ZE_, _9_" _o_. D_._-1 Pro Ject Number 
FROM TO FT. ._ ________ _;;:;;;;;:::;;:;;;;:;;;;:;;;;:;;;;:;;;;:;;;;:;;;;:;;~ 

916055.08 

NONE ELEVATION AND DATUM TOTAL DEPTH 
l-------.:...:..:::..:....:.=....---------------------------11 237.5 FT MSL 127.5 FT 

ISOLATION CASING 

BLANK CASING 
4" SCHEDULE 40 PVC 

FROM 0.7 TO 

PERFORAlEO CASING FROM TO 

110.0 FT. DATE STARTED 
FT. 03/06/1991 

DA TE COMPLETED 
03/11/1991 

4" 0.010" -SLOT SCHEDULE 40 PVC INITIAL WATER DEPTH {FT) 110.0 125.0 I-SI-Z_E_AN_D_TYP __ E_OF_Fl_L_TE_R_P_A_CK __________________________ l-_____ l:...:9::.;·.:.0 _____________ -1 
FROM TO FT. 

20-40 COLORADO SILICA SAND 

SEAL BENTONITE SLURRY 

GROUT VOLCLAY AND CEMENT /BENTONITE MIX 

SAMPLES 
TYPE RECO~Y RESIST DEPTH 

(FEET) (llOWS/6 IN.) (FEET; 

-
-
-

5-

-

10-

. 

. 

. 

. 

15-

. 

. 

. 
-

20-

-
-
-

25-

. 

. 

-
30-

SAMPLE NO. WELL 
CONSTRUCTION 

:••. 
... -~ 
t-
i~ 
~l 

~-~-- .. 
~.J 

!:.z_ -~.-..... .,_ -

:1-
~u .. 

.:i .. ~- .. 

~ -
~,} 

i~:} -
-~~;-: -& -
-;,.-~. 

~{ -
•= .. ;L -

FROM 

FROM 

104.0 

102.0 TO 

O_7To 

UlMOLOGY 

: ... ... . . 
..... 
. ·. ·.·. ... .. 

. . . . . .. . . 
. ·. ·.·. ... . . 

... . . 

.·. ·.·. 

.·. ·.·. .. 

125.0 

104.Q FT. 

102.0 n. 

uses 
LOG 

-
... 
... 
... 
.... 
... 

SP ... 
... 
... 

-... 
... 
... 

LOGGED BY 
S.J. ROTH 

SAMPLING METHODS WELL COMPLETION 
- SURFACE HOUSING 

2.o' DRIVE SAMPLES □ STAND PIPE 

SAMPLE DESCRIPTION ANO DRIWNG REMARKS 

Poorly graded SAND with gravel 

Mostly fine to medium sond, little 

subrounded grovel, trace cloy; olive gray; 

moist. 

fT. 

::~.\-... ~.---!----'-----------------------
Poorly graded SAND 

.· ... 

. -.. 
. ·. ·.·. 

.·. ·.· . 

... 
,,-

... 

... 

.. 

.. 

... 
SP .. 

... 

.. 

... 

Mostly medium sand, trace grovel; dusky 

yellowish brown; moist. Quartz, feldspar, 

and mica groins . 
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Boring & Well Construction Log Kennedy/ Jenks Consultants 
Project Name SOUTH TACOMA FIELD Project Number 916055.08 Boring/Well Name NMW-3B 

SAMPLES 

TYPE RECO\£RY ~\00 DEPTH 
(FEET) (ll.OIIS/6 IN.) (FEET) 

SAMPLE NO. 

-

35-

-
-
-

40-

. 

-

45-

. 

50-

. 

. 

55-

60-

-
65-

-
-
-
-

70-

WUL 
CONSTRUCTION 

t 
fi) . 

{1 . 
·i•·: 
I\ -{t~ 
rr:{ 
·'•""· 

11 
··' ~,, 

~ 
·,,,; -

1·~ 
_;:.:.: 
·,. 
·:• . .:'" 
i-;,~ ·~, 
~{; 

~ 

1;[ -
i' .-.~ 

:;-: -

.j -
·.t-. 

LITHOLOGY uses 
LOG 

. ·:·· 

.... 

. ·. ·.·. . · ... 
·.- ... 

.... 
: . ·.· . . · ... 

... .. 

. .. . . 

.·. ·.·. ... .. 
. · ... 

... ·: . 

SP 

SAMPLE DESCRIPTION AND DRILLING REMARKS 

... 

... 

.. 
-
... 

.. 

-
... 
... 
.. 
.. 
.. 
.. 
.. 
.. 
-.. Increasing grovel. 

.. ". · ... 
. "'-;.~~· ·'t---+---:::---:----c:--::-:=---c--------------

Poorly graded Gravel 

-
GP -

-
-

<r 
.. 

<l .. 
-GW/ 

<I GM .. 
... 
... 

j·- ... 
► /' -

Mostly coarse, few fine subrounded to 

rounded grovel to 2 inches, few medium sand; 

gray; wet. Grovels ore metamorphic, 

plutonic, and volcanic clasts. 

Mostly cobbles. 

Increasing silt and cloy. 

Well-graded GRAVEL with allt and ■and 

Mostly fine to coarse subrounded to rounded 

grovel to 3 inches, little sand, few silt, 

few cloy; dork yellowish brown; wet. 

SHEET .2.._0F _!_ 



Boring & Well Construction Log Kennedy/ Jenks Consultants 
Project Name SOUTH TACOMA FIELD Project Number 916055.08 Boring/Well Name NMW-38 

SAMPLES 
SAMPLE NO. 

75 

80 

85 

90 

95 

100 

105 

110 

WELL 
CONSTRUCTION 

UlHOLOGY uses 
LOG 

ML 

GP/ 
GM 

SAMPLE DESCRIPTION ANO DRILLING REMARKS 

Lean CLAY 

Olive gray, moist ta wet. 

Well-graded GRAVEL with ant and aand 

Mostly fine ta coarse subrounded to rounded 

grovel to 3 inches, little sand, few silt, 

few clay: dark yellowish brown; wet. 

Poorly graded SAND 

Mostly fine to medium sand, trace silt; 

moderate brown: wet. Increasing silt at 78 feet. 

Gravelly SILT 

Mostly silt and clay, some gravel, few sand: 

olive gray: wet. 

Lean CLAY 

Trace gravel; olive gray; moist. 

Clayey GRAVEL 

Mostly coarse subrounded grovel, some clay, 

trace silt; olive gray; moist. 

Wet ot 90 feet. 

SILT 

Olive gray; wet. 

Decreasing moisture content at 98 feet. 

Poorly graded GRAVEL with aUt and ■and 

Mostly coarse rounded gravel, few fine 

gravel, little sand, few silt; olive gray; 

wet. 
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Boring & Well Construction Log Kennedy/ Jenks Consultants 
Project Name SOUTH TACOMA FIELD Project Number 916055.08 Boring/Well Name NMW-3B 

SAMPLES 
WELL uses PENElRAIKl'I DEPTH SAMPI.£ NO. LITHOLOGY SAMPL£ DESCRIPTION AND DRILLING REMARKS 

TYPE RECOVERY RESIST (FEET) 
CONSTRUCTION LOG 

(FEET) (llDWS/6 II.) 

-
~~J GP/ ... -- - -- GM --- -- Poorly graded GRAVEL with aand --- - -- Mostly coarse rounded grovel, little sand, --- -- trace silt; olive gray; wet. Mostly -

115- - - --- volcanic clasts. -- - - ---- - ... ---- - ... 
--- - '" -- GP 120- - - ----- '" ---- - ---- - - ----- ----125- - - -

- - -
- -

____,;...._ 

- - -

SHEET ..i.._ OF ..i.._ 



Boring & Well Construction Log Kennedy/ Jenks Consultants 
BORING L□CA TI□N MADISON STREET Boring/Well Name NMW-3C 
DRILLING C□MPANY 

LAYNE ENVIRONMENTAL SERVICES DRILLER RICHARD JIMENEZ Project Name SOUTH TACOMA FIELD 

DR!LLING METH□D DUAL-TUBE AIR PERCUSSION HAMMEfi DRILL BIT(S) SIZE: g" 0.D. Project Number 916055.08 l 
ISOLATION CASING FROM TO fT. 

NONE ELEVATION AND DATUM TOTAL DEPTH 
237.3 FT MSL 196.5 l'T 

BLANK CASING 4" SCHEDULE 40 PVC 
FROM -2.9 TO 180.0 fT. DATE STARTED DA TE COMPLETED 

PERFORATED CASING FROM TO fT. 02/28/1991 03/04/1991 
4" 0.030" -SLOT SCHEDULE 40 PVC 180.0 195.0 INITIAL WATER DEPTH (FT) 

SIZE AND TYPE OF ALTER PACK FROM TO FT. 19.0 

8- 1 2 COLORADO SILICA SAND 177.0 195.0 LOGGED BY 

SEAL FROM 
175.0 TO 177.0 FT. 

S.J. ROTH 

FINE SAND SAMPLING METHODS WELL COMPLETION 
CJ SURF ACE HOUSING 

GROUT VOLCLAY AND CEMENT /BENTONITE MIX. FROM 0.0TO 175.0 FT. 2.5' DRIVE SAMPLES -STANO PIPE 2.9 FT. 

SAMPLES 
WELL uses 

TYPE RECO\IERY '~'gjs1r DEPTH SAMi'I£ NO. 
CONSTRUCTION OVA UlHOLOGY 

LOG 
SAMPLE DESCRIPTION AND DRIWNG REMARKS 

(FEET) (a.015/611.) (FEET'. 
(ppm) 

'.5. 'ii; Poorly graded SAND with gravel 
~•, - • ..... . . .. ,!·: .)5 .·. ·.· ·~ lg .. Mostly fine to medium sand, little 

- : .... subrounded grovel, trace cloy; olive gray; ~-,_, ,1"'.". 
-· ■ ••• 

. ~;~ }.~ .. . -.. 
moist. ;;.;, ~- .. --~. ~il· - -0 0.0 

~ '-~•j 
.·. ·.· .. 

5-

~~ 
N,·· - : -~-:~~: .· ... · . 

- ,"J-~ . ·. ·.· .. ($ .. 
: SP - ·-~.(: - ·.· ... .. 

~{ ~-" .·. ·.· :i-

"!~ 
.. 

- ':/~. - . . : .. 
. ,:· .. r:-•. ·•·- . .. 

~- . _ .. , .· ... 
0 0.0 - [V .. .. 

50 -:~; ~i~: : 
10- •,• - ·.- .. .. -i~ 1 .·. ·.· 

·:t .. .·· • . 

: .. 
J:·::. .. . . 
t(: ~:? .· ... .. .. 
·;:: ~:~ ~-~--._._,. 

Y' 

i 
I-

rf .· .. ·-
9 

.. 
Poorly graded SAND - _•;; . : I-u 1.5 26 NMW-3C-15.0 :.i: N.D. ·.· .. . . 

24 ,:~ 15- ;·;, - ... ·.· ·- Mostly medium sand, troce grovel; dusky 
~•:. 

f:::: 
.. 

~.: 
~4.} .-, - .. yellowish brown; moist. Groins ore quartz, ~-- ·:• .... 
-~-; \ -~ .. 

feldspar, and mica. 

t. : 
~ .·-. .·. ·.· - .· .. _ 

. .. -
LSZ. i\ 

._.:,. 
11 

- NMW-3C-20.0 ~ . . . · .. . . -u 1.5 23 ~.-.. N.D. .·. ·.· 
50 -:- ·, ~-_, .. 

20- ~ 
... - -,, .. . . 

-i, ·- .. . ·.· -·~. . .. .. 
\ ~ . .· .. SP .. . ,_: ... ·.· ;-.. ... . . 

- '~ '.~ . .. 
~ 

: .·. ·.· 
u 1.2 NMW-3C-25.0 

,•. . .. .. ~; ·' 
25- .' - -: .. .. .... 

-~ '· 
.. 

y - .. . 
. ·.• .... 
_·') " 

. 
; ·;" 
' 

. .. 
~: .. 

u 1.1 
. 

NMW-3C-30.0 -: -.. .. _ .. . .. 
30- ' - .._ 

. 
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Boring & Well Construction Log Kennedy/ Jenks Consultants 
Project Name SOUTH TACOMA FIELD Project Number 916055.08 Boring/Well Name NMW-3C 

, :~ -TYP-E-iSAi"R""~"-:=:==s'-y"'PENE1RA'"'R=ESl'"'S"'1rd DEPlH 

(FEET) (BI.OllS/6 IN.) (FEET) 

SAMPLE NO. WELL 
CONSTRUCTION 

UTHOLOG, uses 
OVA LOG SAMPLE DESCRIPTION AND DRILLING REMARKS 

u 

0 

··\ 
'--· 

0.9 
17 
28 
30 

17 
50 

-
-
-
- NMW-3C-35.0 

35-

-
-
-
-

40-

-

45-

50-

-
-
-

55-

-
-

-
60-

-
-
-
-

65-

-
-
-
-

70-

(ppm) 

':-; 
•:~~ -
·.:~--:. 

·.-. -

... .. 

. .. .. 

.. . . . 
. ·. ·.· . . · ... 

. .. . . 

·.· .. ·.· .. . ·: . .... · ... 

SP 

-
-
-
-

-
... 
... 
t-

-
... 
... 

-.. Increasing grovel. 

. '-,;.:: 
.,_---+--P-=--oo_r..,ly_g_r_a_d-ed_G.,..R ___ A_V __ E_L ____________ _ 

-
-
-

GP ... 
... 

-
~~~ 

... 

<I ... 

-
<I i~' .. .. 

.. 
J·· ... 

"> -

Mostly coorse, few fine subrounded to 

rounded grovel to 2 inches, few medium sond; 

groy; wet. Grovel is metomorphic, plulonic, 

and volcanic clasts. 

Mostly cobbles. 

Increasing silt and clay. 

Well-graded GRAVEL with ■Ht and ■and 

Mostly fine to coarse subrounded to rounded 

gravel to 3 inches, little sand, few silt, 

few cloy; dork yellowish brown; wet. 
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Boring & Well Construction Log Kennedy/ Jenks Consultants 
Project Name SOUTH TACOMA FIELD Project Number 916055.08 Boring/Well Name NMW-3C 

SAMPLES 

TYPE R£C0\1':RY 
(FEET) 

0 0.0 

G 0.5 

G 0.5 

0 0.0 

u 1.4 

PEN£1RATION 
RESIST 

(llOWS/6 IN.) 

17 
50 

25 
50 

10 
27 
50 

18 
32 
36 

DEPlH SAMPL£ NO. 

(FEET. 

-
-
-
-

75-

-
80-

85- NMW-3C-85.5 

-
NMW-3C-88.5 

90-

-

-

95-

NMW-3C-99.5 

100-

-
-

105-

-
-
-
-

110-

WELL 
CONSTRUCTION 

~
~t 
4;_,1, 

=~' ,. .. ;.. 
\1· -~.· 
~ ,. .... 
.:-:, 

/;, 
:t ~-
·,:·-

~ 
(;.· -
'.:) -

:• 

-

,_. 
~(-: -
i -
-~ -
< -
:.;_ -

-

OVA 
(ppm) 

UlHOLOGY uses 
LOG 

-
SP .... 

.... 

.... 

... 
ML .... 

.... 

.... 

CL -

-
-

GC 

-
-
.... 

.... 

... 

-ML ... 
.... 

... 

... 

-
GP/ ... 
GM ... 

-

1 

I 

SAMPLE DESCRIPTION AND DRILLING REMARKS 

Lean CLAY 

Olive gray; moist to wet. 

Well-graded GRAVEL with allt and sand 

Mostly fine to coarse subrounded to rounded 

gravel, little sand, few silt, few clay; 

dark yellowish brown; wet. 

Poorly graded SAND 

Mostly fine to medium sand, trace silt; 

moderate brown; wet. 

Increasing silt at 78 feet. 

Gravelly SILT 

Mostly silt and clay, some gravel, few sand; 

olive gray; wet. 

Lean CLAY 

Trace gravel; olive gray; wet. 

Clayey GRAVEL 

Mostly coarse subraunded gravel, some clay, 

trace silt; alive gray; moist. Wet at 91 feet. 

SILT 

Mostly silt; olive gray; wet. 

Decreasing moisture content at 98 feet. 

Poorly graded GRAVEL with silt and ■and 

Mostly coarse rounded gravel, few fine 

gravel, little sand, few silt; olive gray; 

wet. 
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Boring & Well Construction Log Kennedy/ Jenks Consultants 
Project Name SOUTH TACOMA FIELD Project Number 916055.08 Boring/Well Name NMW-3C 

SAMPLES 

TYPE RECO',tl!Y 
PENElRAllCW DEPlH 

RESIST 
(FEET: (FEET) (a.OWS/6 11.) 

-
-
-
-

115-

-
-
-
-

120-

-
-
-
-

125-

-
-
-
-

130-

-
-
-

135-

-
-
-
-

140-

-
-
-
-

145-

-
-
-
-

150-

SAMPI.£ NO. WELL 
CONSTRUCTION 

< -~_:: -
~-

... 
. , ... 

..... -

'\. -

-

OVA LITHOI.OG~ 

(ppm) 

uses 
LOG 

SAMPLE DESCRIPTION AND DRILLING REMARKS 

Ul 
.......,.,_ __ ~--,p'"oo-rl,...y_g_r_■...,d-e~d-G=-R=-A..,..Vc-=E,-L_w...,l~th~■-■-nd~--------

GP 

.... 
......... --

GP 

.. 

.. 

... 

-
-

-
.... 

.. 
-

... 
.... 

-

Mostly coarse rounded grovel, little sand, 

trace silt; olive gray; wet. Mostly 

volcanic closts. 

Poorly graded GRAVEL 

Mostly coarse subrounded to rounded grovel, 

few medium sand, trace silt; olive gray; 

wet. Mostly volcanic closts. 

Increasing sond ot 135 feet. 

Decreasing sand at 140 feet. 

- Trace cobbles at 145 feet. 

-
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Boring & Well Construction Log Kennedy/ Jenks Consultants 
Project Name SOUTH TACOMA FIELD Project Number 916055.08 Boring/Well Name NMW-3C 

SAMPLES 

TYPE REC0\9Y ~~ DEPlH 
(FEET) (a.OWS/6 II.) (FEET) 

-

155-

-
-
-
-

160-

-
-
-
-

165-

-
-
-
-

170-

-
-
-
-

---+---+---I 175-

SAIIPI.£ NO. 

G 0.2 28 
50 

- NMW-3C-176.5 

-
-
-

180-

-
-
-
-

185-

-
-
-

190-

WELL 
CONSTRUCTION 

·.•,: 
~~: 

~ : 
t~ -
:,t· r 
! 
~;'. 
~;-. 

~' -:-:~;-

·•· ~~~'. ... _.,, 

:2 -
!!,;• -

~ -
~::: -
1; 
:_.io" -1·, 
;:~ -

~ -
~r: 
'S -
._,_ .. 

-
-
-
-

. -
-
-
-
-
-
-
-
-
-
-

uses 
OVA UTHOLOG~ LOG 

(ppm) 

GP 

~-¼ CL 

GP 

SAMPL£ DESCRIPTION AND DRILLING REMARKS 

I-

- Increasing fine gravel at 155 feet. 

-
-
... 
... 
I- Increasing sand, mostly coarse gravel at 160 feet. 

... 

... 

... 

... 
I-

... 

... 

- Increasing cobbles at 170 feet. 

Le■n CLAY 

Olive grey; moist; woad fragments ond 

· organic material. 
... 
... Poorly graded GRAVEL 

... Mostly coarse grovel and cobbles, few medium 

... sand; alive gray; wet. - Boulder, approximately 1 ft in diameter, at 181 feet. ... 

... !ncreosing cobbles, commonly to 6 inches in 
diameter, at 183 feet. 

-

-
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Boring & Well Construction Log Kennedy/ Jenks Consultants 
Project Name SOUTH TACOMA FIELD Project Number 916055.08 Boring/Well Name NMW-3C 

SAMPLES 
WELL uses PENElRAIIOI DEPlH SAIIPI£ NO. UlHDLOGY SAMPLE DESCRIPTION AND DRILLING REMARKS 

TYPE R£CO~RY RESIST (FEET) CONSTRUCTION OVA LOG 
I (FEET) {a.DWS/6 IN.) (ppm) 

--- - .. --- - .. ---- - - GP ~ --- - ---
195- - - ---.. - -.. ----- - .. 

- - .. 
- - .. 

200- - -
- .. 
- .. 
- .. 

- - .. 
205- - -

- ,-

- .. 
- .. 
-

210- - -
Notes: 

1. N.D. = not detected. 
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Boring & Well Cons true ti on Log Kennedy/ Jenks Consultants 
BORING L□CA TI□N AIRPORT AREA Boring/Well Name NMW-4A 

-
DRILLING COMPANY 

LAYNE ENVIRONMENTAL SERVICES DRILLER RICHARD JIMENEZ Project Name SOUTH TACOMA FIELD 
DRILLING METHOD DUAL-TUBE AIR PERCUSSION HAMMER DRILL BIT(S) SIZE: g" 0.0. Project Number 916055.08 

F'ROM TO FT. !SOLA TION CASING 
NONE ELEVATION AND DATUM TOTAL DEPTH 

233.4 FT MSL 50.0 FT 
BLANK CASING 4" SCHEDULE 40 PVC 

F'ROM -2.6 TO 1 0.0 FT. DATE STARTED DA TE COMPLETED 

PERFORATED CASING FROM TO FT. 03/13/1991 03/13/1991 
4" 0.020" -SLOT SCHEDULE 40 PVC 10.0 35.0 INITIAL WATER DEPTH (FT) 

SIZE AND TYPE Of FILTER PACK FROM TO F'T. 12.0 

10-20 COLORADO SILICA SAND 6.5 35.0 LOGGED BY 

6.5 FT. 
S.J. ROTH 

SEAL 
1 /4" BENTONITE PELLETS 

FROM 4.0 TO WELL COMPLETION SAMPLING METHODS 
D SURFACE HOUSING 

GROUT CEMENT /BENTONITE MIX FROM Q.QTO 4.Q FT. 2.5" DRIVE SAMPLES -STAND PIPE 2.6 n. 
SAMPLES 

WELL uses 
RECOl,U!Y 

il'tNElRATICW DEPTH SAMPI.E NO. 
CONSTRUCTION OVA UlHOLOGY 

LOG 
SAMPLE DESCRIPTION AND DRIWNG REMARKS 

TYPE RESIST 
(FEET) {flfJIIS/6 IH.) 

(F'EET (ppm) 

K 
.. 

4.2 Poorly graded GRAVEL ~;, - ... :; . .. Mostly fine to coarse rounded grovel, trace --~- tg - ,5 . -~· GP sand, trace silt; moderate brown; moist. >·.:• 
:/ ,,·:-: - :l,. .. . 
t-',' t, 

- :.i . ., . 
1 ~ .......... 

u 0.4 2 5- NMW-4A-5.5 - . . ~ 

3 . . PEAT . . . . - . . ... . - - Moderate brown to dusky brown, organic odor, . . - - . . . ... . . moist to wet. . . . - - ... . . . . . PT . . . . ... 
4 . . . 

u 1. 1 8 NMW-4A-10.5 0.2 
. . 

10- ,..._ - . . . -8 - . . - . . . . . - . r-. • ... -
_sz_ - • I •r, • . - --- SIity GRAVEL . -. - - ~ - Mostly subrounded coarse grovel, few silt; - ~ - - - GM ... 

3 - moderate brown; wet. -u 1.3 27 15- NMW-4A-15.5 - - N.D. . I--30 - P. ..• - .. ~. -- - -·. - .. ·. ·.· Poorly graded SAND with gravel -- - - .. - . . .. Mostly medium sond, some subrounded to -- .... - - - ... 
- rounded fine to coarse grovel and cobbles, - . .. .. . - -1 - .... few silt and cloy; moderate brown; wet. 

G 0.3 2 NMW-4A-20.5 - N.D. .. 
20- - - -10 - . .. .. 

SP -. - - _. ... 
--- .. 

0 2.5 • NMW-4A-23.5 - - .... -- '• -. - -- . . .. -
~--~--:~ . - - --

2 -
G 1.2 2 25- -

NMW-4A-25.5 - - .. 
2 - Poorly graded SAND --- -- . •, .. Mostly medium sand, trace gravel; moderate -- . . .. . --- SP brown: wet. - .. 

- -- ... ·.· -- -- . . .. Olive gray, salt-and-pepper color. - .. . . 
30- - -

. 
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Boring & Well Construction Log Kennedy/ Jenks Consultants 
Project Name SOUTH TACOMA FIELD Project Number 916055.08 Boring/Well Name NMW-4A 

SAMPLES 
WELL uses 

TYPE RECOVERY 
PEl£1RATICW DEPlH SANPL£ NO. 

CONSlRUCTION OVA LITHOLOGY 
LOG 

SAMPLE DESCRIPTION AND DRILLING REMARKS 
RESIST (FEET, (FEET) (BLOWS/6 ll) (nnm) .. .. - .... -- .... --- ·.·•. .. -- - .. .. -- .. 

-- ·.• .. .. -- . . .. -- .. SP --- ·.• .. 
35- - - .·. ·.· ----- .. 

·.• .. . . ... 
. . . . 

i--· ·. .. ... 
·--~---- .·. ·.·'. .. Poorly graded SAND with gravel 

.. - ·.- .. . . ... 
.·. ·.· Mostly medium to coarse sand, some fine 

40- - .. -·.·• . . . rounded grovel; salt-and-pepper color; wet. 

- . . . . ... .. .. : - .. ... . . . . 
- .. SP ... .. .. - - . . . . .. 

45- - .. . . -. .. 
. ·. ·.· - - .. 
·.· .. . . 

- - ... . . . 
.....:.·-· 

- - .~ 

Poorly-graded GRAVEL with Hnd 
- GP Mostly coarse subrounded to rounded grovel, .. 

50- - - some medium sand; salt-and-pepper color; wet. 

-
-

Notes: 

1. N.D.=not detected. 
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Boring & Well Construction Log Kennedy/ Jenks Consultants 
BORING LOCATION BURLINGTON NORTHERN RAILYARD Boring/Well Name NMW-5A 
DRILLING COMPANY 

LAYNE ENVIRONMENTAL SERVICES. INC DRILLER DEAN PLAUTZ Project Name SOUTH TACOMA FIELD 
DRILLING METHOD HOLLOW-STEM AUGER 

DRILL BIT(S) SIZE: 
1 O" O.D. ( Project Number 916055.08 

!SOLA TION CASING FROM TO FT. ,,.,. .. 

NONE ELEVATION AND DATUM TOTAL DEPTH 
240.9 FT MSL 47.5 FT 

BLANK CASING 4" SCHEDULE 40 PVC 
FROM -2.0 TO 20.0FT. DA TE ST AR TED DA TE COMPLETED 

PERFORATED CASING FROM TD fT. 03/11/1991 03/11/1991 
4" 0.020"- SLOT SCHEDULE 40 PVC 20.0 45.0 INITIAL WATER DEPTH (FT) 

SIZE AND TYPE Of FILTER PACK FROM TO fT. 22.0 
· 8- 1 2 COLORADO SILICA SAND 17.0 47.0 LOGGED BY 

SEAL 
3/8" BENTONITE PELLETS 

FROM 14.0 TO 17.0 fT. 
T.C. MORIN 

SAMPLING METHODS ~ COMPLETION 
CJ SURF ACE HOUSING 

GROUT CEMENT /BENTONITE MIX FROM 0.010 14.0 fT. VS' DRIVE SAMPLES -STAND PIPE 2.0 fT. 

SAMPLES 
WELL uses 

TYPE RECOVERY ~;;~r DEPTH SAMPI£ NO. 
CONSTRUCTION OVA LITHOLOGY 

LOG 
SAMPLE DESCRIPTION AND DRILLING REMARKS 

(FEET) (llOIS/6 IN,) 
(FEET, (ppm) 

f5'. 
.. 

Poorly graded GRAVEL with allt and aand 

~} 
. . 

.:,~ . 
,'-si §. 

10.2 Grayish block, moist, 70% rounded grovel, 
. -. .. 

20% medium sand, 10% fines. Possible fill ,--:. ,,·:-: . . ·_.:. -~-~ . GP/ -:~ _,;._, and debris encountered (wood, steel, brick). 
:t _.,, . 

GM :.:::« ;_;)· -tt,t: ,:,: 
5- •"··· ~•.: - ... 

-·~·\: . :£ ;.:~ 
I-- f -

' 
. 

0.4 
- ·;~~: - ·.- .. .... 

;.-•~ .·. ·.· Poorly graded SAND "i t .. 
- \-"::. - .. 

¥: 
·.• .. . . Mottled light browo, moist; 90% fine sand, 

- ~-.:.: - .·. ·.· 
:,;.'.· .. 

10% fines. ~= ·"· 
10-

•.. ··<: - ·.· .. .. SP -~~ .... 
i '} .. -- -~-~ .... . .. -~? . .. . . 

- .-~ Z:\ . ,/·· \ •: .... 
_::: ,..-4 .. , . ,_.. ·.• . - ~~ 

. ~: Poorly graded SAND with ailt 

- -~· . -·.-. Reddish brown; moist; 75% medium to fine 
15- - .-

SP/ sand, 25% silt. 

- .... .. 
SM 

- . I-.. 
- - ' - - .. .. 

.·. ·.· Poorly graded SAND .. 
20- - - .. -- ... Gray brown, moist; 80% coarse to medium - .... -- - .. - sand. 15% rounded gravel, 5% fines; wet. -- :sz - - .. .. -- .... -- .. . - . -- ... - .· ... . - . ~ - .. 

- .. SP 
25- - - .. --3 - .... 

u 1.5 20 • NMW-5A-26.5 - 0.3 ··• . - ~ 
43 - .. .. Grovels absent (disturbed sample collected). - ... - - - .-

~ --u 2.5 _ NMW-5A-28.0 - - 0.2 .. .. .. - .·. ·.· -- .. 
- - - .. -- .... 

Sand heaving in 30- - - augers. 

. 
IV 
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Boring & Well Construction Log Kennedy/ Jenks Consultants 
Project Name SOUTH TACOMA FIELD Project Number 916055.08 Boring/Well Name NMW-5A 

SAMPLES 
WELL uses 

TYPE RECOVERY 
PEl£1RAIICII DEP'lli SAMPLE NO. OVA LllHOI.OGY SAMPLE DESCRIPTION AND DRILLING REMARKS 

RESIST (FEET, CONSTRUCTION LOG 
(FEE'I) {UIS/61l) (ppm) 

3 - .. .. 
G 1.5 3 NMW-SA-31.5 

. . - 0.4 
.· ... 

- - .- .. -4 - : - ·.- .. -·. -- .. .. -- .- .. 
-- - ., ·.- .. .. .. -- .· . ·: - - - .. .. - ' .. - ·.- .. .. 

35- - - .·. ·.· ... .. -- .. 
-- - - ·.• .. .. - SP - : . ·.· - - - .. 
-- ·.·•· .. - - - -·. ·.· -.. -- .. . 

- - : - - -.. -- .. ·.· 
40- - - .. ,... -- ·.- .. - - .·. ·.· '" -- .. -- - I<,.· •• ••• .. - ,. -- - . .: - Poorly graded GRAVEL with aand --- - .. .. -- Gray; wet; 65% coarse to medium grovel. 35% 
45- - GP - - i--

medium sand . .. - - .. 
- ... 
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Boring & Well Construction Log Kennedy/ Jenks Consultants 
saRING LDCATIDN BURLINGTON NORTHERN RAILYARD Boring/Well Name NMW-58 

1--------------------------,--------------11 ----------
DRILLING COMPANY LAYNE ENVIRONMENTAL SERVICES. DRILLER RICHARD JIMENEZ Project Name SOUTH TACOMA FIELD 

1-D-RI-LL-I-NG-ME_T_Ha_n_D_u_A_L_-_T_u_s_E_A_1R_P_E_R_c_u_s_s_1_o_N_H_A_M_M_E_:1; __ D_R_ILL_Bl_li_(s_J_SI_ZE_=_g_" _o_.D_._ .... Project Number ._ ____ ..;;:;;;;;;;:;::;;;;;;;;;;;:;;;;;;;;;;;:;;;;;;;;;;;:;;;;;;;;;;;~ 
916055.08 ( 

ISOLATION CASING 
NONE 

BLANK CASING 
4" SCHEDULE 40 PVC 

PERFORATED CASING 
4" 0.020" -SLOT SCHEDULE 40 PVC 

SIZE AND TYPE OF FIL liER PACK 
. 10-20 COLORADO SILICA SAND 

SEAL FINE SAND 

GROUT VOLCLAY AND CEMENT /BENTONITE MIX_ 
SAMPLES 

TYPE RECO\'ERY "fE'lrsr DEPTH 
{FEEl) {BIOIIS/6 ll) {FEEr. 

-
-
-
-

5-

-
-
-
-

10-

-
-
-
-

15-

-
-
-
-

20-

-

25-

-
-
-
-

30-

SAMPLE NO. WELL 
CONSTRUCTION 

, .. 

1} -
:g: -
-..·7: 
}~ -
r.• . ,, 
;;.- -,_ 
,: -
:& -
'.'•; -
.:.~, 

~ti ---~~ ....... 
~-
~if -
I}~ 
::[; -
j: -
u -

l'it 
':? -

'.~-
r? -

:•~- -
;/. 

" -:t.·;. 
:'!>.·":" 

!~ -
--~:' -
~:~-- -

FROM 

FROM 

FROM 

FROM 

FROM 

FROM 

TO FT. 

-2.5 TO 110.0 FT. 
TO FT. 

110.0 125.0 
TO n. 

107.0 125.0 

105.0 TO 107 .0 n. 

0.010 105.0 FT. 

LITHOLOGY uses 
LOG 

·. 
·.· .. ... . ·. ·.· .. ... ... 
.·. ·.· ... .. 
·.·• . ... .·. ·.· .. 

: ~ ·.• .. . . 
. ·. ·.· ... .. 
·.· .. .. ... . ·. ·.· .. 

: ... ·.· .. .· ... ... .. 
.· .. .·. ·.· -.. 

.. SP .· ... .. 

.. .. ... . . . . .. 
... ·.· .. ... --·.·•. ... . · ... .. ... . . 

.. .. 
.. ... . . . . .. -.·. ·.· ... 

: 

~---½< 
... 

.. 
.·. ·.· ... 
.· .. : ... -.. SP ... .. 
. ·. ·.· 

::~:: ... 
: SP 

... .· .. . . -

ELEVATION AND DA TUM 
240.6 FT MSL 

DA 1iE STARliED 
03/05/1991 

INITIAL WA liER DEPTH {FT) 
23.0 

LOGGED· BY 
S.J. ROTH 

SAMPLING METHODS 

2.5' DRIVE SAMPLES 

TOTAL DEPTH 
128.0 FT 

DA 1iE COMPLETED 
03/05/1991 

WELL COMPLETION 
CJ SURFACE HOUSING 
- STAND PIPE 2.5 FT. 

SAMPLE DESCRIPTION AND DRIWNG REMARKS 

Poorly graded SAND 

Mostly fine to medium sand, trace silt; 

moderate brown; moist. Groins ore quartz, 

feldspar, and mica. 

Dark yellowish brown. 

Poorly graded SAND with gravel 

Mostly fine to medium sand, little 

subrounded cobbles, few silt; moderate 

brown; wet. 

Poorly graded SAND 

Mostly medium sand, some fine sond; dusky 

yellowish brown; wet. Detritus from 

weathered granitic rocks. 

\_ 

JP 
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Boring & Well Construction Log Kennedy/ Jenks Consultants 
Project Name 

SAMPLES 

TYPE RECO~Y 
PENElRATION 

RESIST 
(FEET) (SLDWS/6 IN.) 

SOUTH TACOMA FIELD Project Number 916055.08 Boring/Wall Name NMW-5B 

OEPlH SAMPlE NO. 
(FEET, 

-
-
-
-

35-

-
-
-
-

40-

-
-
-
-

45-

-
-
-
-

50-

-
-
-
-

55-

. 

. 

-
-

60-

-
-
-
-

65-

-
-
-
-

70-

WELL 
CONSTRUCTION 

~~ 
il -
:f -
~-. -

:;~ ~ ,, 
~p ,.,;
:i-

~ 
:•;, 
·~--.. 
:~) 
...... 

-i ... 
~~-~- -
~;:~-

~ 
<t 
:~ 
,••· 
-~~ 

~: 
--~' -

LITHOLOGY uses 
LOG 

.... . . ·.: .. 

.· ·.·.· ... . . 
·.• .. ·.·. SP 

·.• .. ·.· . . .. .. -.. · .. 
·.- .. ·.·. .·. ·.· . . · ... 
,.. .... 

<r<·--

SAMPLE DESCRIPTION ANO ORIUING REMARKS 

Greenish block at 38 feet . 

-
-

,..,.---+---:-:-:--::---:--:-=:-:-:c=--------------
.c, Well-graded GRAVEL 

... 

-
... 
... 

.c, 

... 

.c, 

.. 
<l .. 

.c, 

<l 
, GW 

.c, -
' 

.. 
<l .. 

.c 
... 

<l ... 
.c, -
' 

... 
<l ... 

.c, 

... 
,-.<l .. 
'~ 

... 
<l GW .. 

~ 
.. 

sw, .. 
SM --

Mostly rounded grovel and cobbles, few fine 

to medium sand; greenish block; wet. 

Cobbles include brecciated quartzite. 

Varying amounts of sand at 52 feet. 

Well-graded GRAVEL with aand 

Mostly subongulor to rounded fine to coarse 

gravel, some fine to medium sand; greenish 

block; wet. Gravel includes metovolconic 

and gronodiorite closts. 

Well-graded SAND with ellt 

Mostly medium sond, few silt; olive gray; 

wet. 
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Boring & Well Construction Log Kennedy/ Jenks Consultants 
Project Name SOUTH TACOMA FIELD Project Number 916055.08 Boring/Well Name NMW-5B 

SAMPLES 

TYPE RECOVERY 
PENElRAI~ DEPlH 

RESIST (FEET, (FEET) (a.OWS,'li It) 

-
-
-
-

75-

-
-
-

80-

-
-
-
-

85-

-
-
-
-

90-

-
-
-
-

95-

-
-
-
-

100-

-
-
-
-

105-

-
-

-
110-

SAIIPU: NO. WELL 
CONSlRUCTION 

:::: -.. ,. 
~; 

:;. 
:-:,. 

r:i 
~1-~-
·,:··· 
· ...• -~ 

~'~ 
:f'. 
~-
... ,. -
j}f 
· .. i -

$ 
'""·· 
~~ -..... : 
.. _._: 

\: -
~ -

-
-

-

UlHOLOGY uses SAMPLE DESCRIPTION AND DRILLING REMARKS ( LOG 

Well-graded GRAVEL .. 
<l Mostly subrounded to rounded fine to coorse .. 

L:, grovel, few fine to medium sond, few silt; .. 
olive gray; wet. 

<l .. 
..c. -

<l 
..c. GW 

<l 
..c. -

<l 
L, 

'" 

"<l '" ·-·~ ... .· . ·: . 
Poorly graded SAND .. 

.. .. '" Mostly fine sond, few silt; olive wet. .· .. ~. gray; .. .. 
. . . .. 
. ·. ·.· .. .. 
·.· .. . . .. 
.·. ·.· SP .. -.. .. .·. ·.· .. .. 
.. .. '" . ·. ·.· 
·.· .. .. r--· ... ·"·.· -

Poorly graded GRAVEL with sand .. 
Mostly subrounded to rounded coarse grovel, 

little fine to medium sand, trace silt; 

GP '" olive gray; wet. 

Increasing silt at 100 feet. 
~ -~ .... 

Sandy SILT .. 
·Mostly silt, some fine to medium sand, few .. 
grovel; olive gray; moist. Locally 

ML .. 
induroted, possibly glacial till. -

~ 

<r ..... 
L:>~---1----,w=-e1'"1--g-ra-d.,..■-d--G_R_A_V __ E_L ____________ _ 

<l 
GW 

L:, -
Mostly coarse. few fine subrounded to 

rounded grovel. few medium to coarse sand; 

olive gray; wet. Closts ore chert, 

quartzite. and granitic rocks. 

SHEET _L Of .i_ 
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Boring & Well Construction Log Kennedy/ Jenks Consultants 
Project Name SOUTH TACOMA FIELD Project Number 916055.08 Boring/Well Name NMW-58 

SAMPLES 
WELL uses PEIO!AlllW DEPTH SAMPI.£ NO. LITHOLOGY SAMPLE DESCRIPTION AND DRILLING REMARKS 

TYPE RECO\t:RY RESIST (FEET] 
CONSTRUCTION LOG 

(FEET) (ll.OWS/6 ll) , -- , 
- - - ' 

.. - ~ --- - - .. 
L::,, - GW - , 

- - - , -- ~ ' - - -- ~1-.., -
115- - - 1, -- .. . 

SIity GRAVEL with aand -- - --- . . Mostly fine subrounded to rounded grovel, - - .. - . - little fine to medium sand. little silt; - - . .. --
olive gray; wet. Closts ore volcanic and - .. - - . - . . 

- . GM granitic rocks. 
120- - - ..... --- - - .. Wood chips at 118 feet. -- . - . - - • .. - . - . -- . .. ---- - - .. - ....... - ~> 
125-

-- -
~-

~ 
Poorly graded GRAVEL with clay 

- - GP/ 

~ 
Mostly fine subrounded gravel, few cloy; 

- - GC - greenish block; wet. Closts ore volcanic 
- -

and sedimentary rocks and quartz vein 
- -

material. 
130- - -

- -
- -
- - -
- - .. 

135- - ..... 
- - .. 
- - .. 
- -
- -

140- - -
- -

- -
- - -
- - -

145- - -
- .. 
- - .. 
- - -
- - -

150- - -

SHEET L Of' L 



Boring & Well Construction Log Kennedy/ Jenks Consultants 
BORING LOCATION BURLINGTON NORTHERN RAILYARD Boring/Well Name NMW-5C 

DRILLING COMPANY 
LAYNE ENVIRONMENTAL SERVICES DRILLER RICHARD JIMENEZ Project Name SOUTH TACOMA FIELD 

DRILLING METHOD 
DUAL-TUBE AIR PERCUSSION HAMMER 

DRILL BIT(S) SIZE: g" O.D. ( Project Number 916055.08 
ISOLATION FROM TO FT. CASING 

NONE ELEVATION AND DATUM TOTAL DEPTH 
241.0 FT MSL 202.0 FT 

BLANK CASING 4" SCHEDULE 40 PVC 
FROM -2.3 TO 185.0 FT. DA TE ST AR TED DATE COMPLETED 

PERFORATED CASING FROM TO FT. 02/25/1991 02/27/1991 
4" O.O3O-INCH SLOT SCHEDULE 40 PVC 185.0 200.0 INITIAL WATER DEPTH (FT) 

SIZE AND TYPE OF FILTER PACK FROM TD FT. 23.0 

8-12 COLORADO SILICA SAND 180.0 202.0 LOGGED BY 

180.0 n 
S.J. ROTH SEAL FROM 

178.Q TO SAMPLING METHODS WEU COMPLETION FINE SAND 
CJ SURFACE HOUSING 

GROUTVOLCLAY AND CEMENT /BENTONITE MIX FROM O.QTO 178.Q FT. 2.5" DRIVE SAMPLES -STAND PIPE 2.3 FT. 

SAMPLES 
WEU uses IUllRATION DEPTH SAMPLE NO. CONSTRUCTION OVA UlHOLOGY LOG SAMPLE DESCRIPTION AND DRIWNG REMARKS TYPE RECOVERY RESIST (FEET (FEET) (BLOWS/6 IN.) (ppm) 

~: ·~~·. Poorly graded SAND 

- :>j•, ... 
'" 

i/4 
);, .. .. 

Fine to medium sand, trace silt; moderate :-~.:~: .. 
- I~ '" ... brown; moist. Groins ore quartz, feldspar, :··.;• 

:~~· ·,1·-:': . . .. - ~,. - .. .. 
~::, ,'.-' and mica. 

20 - :::~• t: - I-u 1.0 20 NMW-5C-5.0 <10 .. 
11 ~ ,.:( .. 

5- .~;-~ ix,. - ~ 

:;,;·c \~.:, .. .. s ,:_r .. - rf - .. .. 
- -~.\ - .. I-·:-~ ~·'! .. 

ri-~:: ,:_;,;_ .. .. 
- . :-~ - .. 

.J}.- .~:· .. . ,•c . . 18 ~'. .. -. 
1'.5 ~i - .. u 37 NMW-5C-10.0 :< ... <10 

31 10- :; t; - .. -.. .. 
"!; 

.. 
--"·-

s\ -..... .. 
if ~1 .. .. SP - .. Dark yellowish brown . ~: 

·_;..,,. c_: 
~-

- .. 
Ii: .. .. 

10 ,:> .. , .. _ -u 1.5 18 NMW-5C-15.0 ti ,.t·- <10 
26 15- ~~\ (:i - ~ 

'-!"'.: .~;.:--: 
.+/! •'"t . .. .. I', ~-? .. .. 
~~ ·-- t ··• .. 

l"-' .. 
- :'' ;.~~- - .. .. · 

· .. :.; 

~ 32 - '.;~ -u 1. 1 20 NMW-5C-20.0 .. :, <10 .. .. 
27 -•: .. 

~;: ,, 
20- ,•.-:" - -,._; ,, 

•·· .. .. - <i~ :•~·- - .. -
'\.' ~·. ~:z-::: - ~-"'- -Yt 

lSZ.. -~. ~--·•.· - ',.-:; < - ... 
, Poorly graded SAND with gravel 

27 •.,.: ;- .. 
- ..... .. - -u 1. 1 44 NMW-5C-25.0 \; ,•: 1.2 Mostly fine to medium sand, subrounded 

21 25- . • .. ••,> - .. -:\~ : cobbles, few sill: moderate brown; wet. 
~ ·•:=· SP - y - -~--
. ·.-.• : .. - ;.~ :Z - .. 

- J. - ::~---~- '" , . 
r-' 

.. 
- .... - SP '" 

Poorly graded SAND 
0 0.0 ... , \;_ .. 

30- ~ :.::. - - Mostly medium sond. some fine sand; dusky 

yellowish brown; wet. Detritus from 

weathered granitic rocks. 
. 
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Boring & Well Construction Log Kennedy/ Jenks Consultants 
Project Name SOUTH TACOMA FIELD Project Number 916055.08 Boring/Well Name NMW-5C 

SAMPLES 

TYPE RECO\'ERY ~sir DEPTH 
(FEEl) (BLOWS/& IN.) (FEET, 

SAMPL£ NO. 

u 1.1 

u 1.0 

G 0.0 

0 0.0 

u 0.8 

5 
5 
12 

26 
50 

8 
7 
18 

-
-
-
" NMW-5C-35.0 

35-

-
-
-
• NMW-5C-40.0 

40-

-
-
-
• NMW-5C-45.0 

45-

-
-
-
-

50-

-
-
-
-

55-

-
-
-
-

60-

-
-
-
-

65-

-
-
-
"NMW-5C-70.0 

70-

WELL 
CONSTRUCTION 

·'· 

i~ 
;~ 
·,~ 

t 
~ 

..... _-
:• -
~-
·:• •-·~ 
:.a•.' -

·.:::· 

~ -
;"',I -
-~~.: 

½? -
~~- -
~~ 

~ : .•,·. 
:.~. 
r.'::S -
~',,:~ -
ril: ~'· -
~- -
~}· -
-:::. ... 
<"". 
.::· -
., ., . -

OVA LITHOI.OG'I UL~S 

foom, 

<10 

<10 

. ·- .. . . . . . . -.: .. 

. · ... ··• . . . 

.. ·.· . 

. · . ·: . . .. .. 

... ·.• .. .·. ·.·. . · ... 
·.- ... 
r--<K:.-

I-

SP ... 
... 
... 
... 

-

SAMPLE DESCRIPTION AND DRILLING REMARKS 

Greenish block at 39 feet . 

.. .,.. __ 4-______________________ _ 

C, 

<10 4 
6 

4 
6 

<10 4 
6 

4 
6 

4 
C, 

4 ' 
C, 

4 
C, 

4 
C, 

1'-q,....,_' -
C, 

~ 

<10 ~ 

-
-
-
-
-
-
-
-

GW -
... 
I-

... 

... 

... 

-

-
-
-
-GW -

SW/-
SM -

Well-graded GRAVEL 

Rounded grovel and cobbles. few fine to 

medium sand; greenish block; wet. Cobbles 

include brecciated quartzite. 

Well-graded GRAVEL with sand 
Subongulor to rounded fine to coarse grovel, 

up to 25% fine to medium sand; greenish 
block; wet. Grovel includes metovolconic 

and gronodiorite rock closts. 

Well-graded SAND with allt 

Mostly medium sand, trace fine to coarse sand, 

few silt; olive gray; wet. 
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Boring & Well Construction Log Kennedy/ Jenks Consultants 
Project Name SOUTH TACOMA FIELD ProJect Number 916055.0B Boring/Well Name NMW-5C 

SAMPLES 

TYPE RECOVERY ~~'f DEPlH 
(FEET) lllDWS/6 ll) (FEEr, 

0 0.0 
6 
6 
9 

-
-
-
-

75-

-
-
-
-

80-

-
-
-
-

85-

-
-
-
-

90-

-
-
-
-

95-

-
-
-
-

l---+---+-----11 oo-

SAIIPI£ NO. 

u 1.0 50 - NMW-5C-101.5 

G 

G 

0.1 

0.4 

15 
50 

50 

- NMW-5C-103.0 

NMW-5C-104.5 

105-

-
-
-
-

110-

WELL 
CONSTRUCTION 

,•1· 

~t -
··.~-- -~/, 
--~· -
~ -
·:~ -
'~--- -
•.•· ~~-- -
-~' 
~ -

-

UTHOLOG' uses 
OVA " LOG 

fnnm) 

<I 
.c. 

<I 
.c. 

<I 
~ GW 

<I 
.c. 

<I 
.c. 

r-,.<I 
• -"!"!,... :.:-. ..,,,._ .. 
·.· .. .. .... .. 
·.· .. .. .. . ·: .. 
·.· .. .·. ·.· ., SP ·.· .. .. . · . ·: .. 
·.· .. . · ... 

'• 

·.·•. 
r-,.-~··:· 

GP 

.. 
<10 

"'r-,. 

3 

<1 ML 

.. <r ...... 
.c. 

<I 
GW 

.c. 

-.. 
.. 
.. 
i-

'" 

'" 
I-

I-

.. 

.. 

.. 
'" 

'" -.. 
.. 
.. 
.. 

-
-
-
-
-
'" 

-
-
-

SAMPLE DESCRIPTION AND DRILLING REMARKS 

Well-graded GRAVEL 

Subrounded to rounded fine to coarse grovel, 

few fine to medium sand, few silt: olive gray; 

Poorly graded SAND 

Mostly fine sand, few silt; olive gray; wet. 

Poorly graded GRAVEL with sand 

Mostly subrounded to rounded coarse grovel, 

little fine to medium sand, troce silt; 

olive gray; wet. 

Increasing silt at 100 feet. 

Sandy SILT 

Mostly silt, some fine to medium sand, few 

grovel; olive groy; moist. Locally 

indurated, possibly glacial till. 

Well-graded GRAVEL 

Mostly coarse, few fine subrounded to 

rounded grovel, few medium to coorse sond; 

olive gray; wet. Clasts ore chert, 

quartzite, and granitic rocks. 

wet. 
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Boring & Well Construction Log Kennedy/ Jenks Consultants 
Project Name SOUTH TACOMA FIELD Project Number 916055.08 Boring/Well Name NMW-5C 

SAMPLES 

TYPE RECOl{RY 
PENElRATICH DEPlH SAMPl£ NO. 

RESIST (FEET; (FEET) (llOWS/6 IN.) 

-
-
-
-

115-

-
-
-

G 0.3 50 - NMW-SC-120.0 

120-

-
-

-
-

125-

-

-
-

130-

-
-
-
-

135-

-
-
-
-

140-

-
-
-
-

145-

-
-

150-

WELL 
CONSTRUCTION 

.·.·, -
f' -

:::·:.-
. ;.l. -

Bf -
·_\; 
~=~ -
~(; -
~? -
1-
,\ 
·:;: -

~: -
;~:: -
.} -

~/· -

~~ 
-~~~ -

~-~ 
~: ·: -
--~-
~ -
:';: 
;:: -
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LllHOLOGY uses 
LOG 

<l 
L:, GW ... 

l'><l. ... 
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SAMPLE DESCRIPTION AND DRILLING REMARKS 

Silty GRAVEL with aand 

Mostly fine subrounded to rounded grovel, 

little fine to medium sand, little silt; 

olive gray; wet. Closts ore volcanic and 

granitic rocks. 

Wood chips at 118 feet. 

Poorly graded GRAVEL with clay 

Mostly fine subrounded grovel, few cloy: 

greenish black; wet. Closts ore volcanic, 

sedimentary, and quartz vein material. 

Well-graded GRAVEL 

Mostly coorse subrounded to rounded grovel, 

little cobbles, trace cloy; olive gray; 

wet. Closts ore granitic and volcanic rocks. 

Wall-graded GRAVEL with allt and aand 

Mostly fine to coarse subrounded grovel, 

little sand, little silt, little cloy; olive 

gray; bluish cloy; wet. Fragments of 

volcanic and granitic rocks. 

Decreasing sond, silt, ond cloy at 145 feet. 
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Boring & Well Construction Log Kennedy/ Jenks Consultants 
Project Name SOUTH TACOMA FIELD Project Number 916055.08 Boring/Well Name NMW-5C 

SAMPLES 

TYPE RECOKRY ~sir DEPlH 
(FEET) (IIDWS/6 ll) (FEET'. 

-
-
-
-

155-

-
-
-
-

160-

-
-
-
-

SAMPLE NO. 

u 1.4 
18 
28 
30 

165_ NMW-5C-165.5 

-
0 0.0 -
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-
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-
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11----'----+--~175-
u 1.5 18 

50 
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-
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-
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-
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-
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SAMPLE DESCRIPTION AND DRILLING REMARKS 

Well-graded GRAVEL 

Mostly fine to coorse, subrounded to rounded 

flat grovel, few cobbles, little sand; 

greenish block; wet. Mostly volcanic, trace 

granitic · fragments. 

( 

lnterbedded Poorly graded SAND with allt and Lean CLAY 

Greenish-black wet sand, volcanic-derived 

particles, and olive-gray moist to wet lean 

clay; approximately 6-inch interbeds. 

Fibrous brown organic matter in cloy beds; 

minor brownish-black organic-rich clay at 175 feet. \ . 

Well-graded GRAVEL 

Mostly fine to coarse subrounded to rounded 

gravel, few flat. trace cobbles, little 

·medium to coarse sand; olive gray, wet. 

Mostly volcanic clasts, few granitic closts. 

Decreasing. sand, increasing coarse gravel 

and cobbles at 187 feet. 
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Boring & Well Construction Log Kennedy/ Jenks Consultants 
Project Name SOUTH TACOMA FIELD Project Number 916055.08 Boring/Well Name NMW-SC 

SAMPLES 
WELL uses 

TYPE RECOVERY 
PENETRAIKW DEPTH SAMPLE NO. OVA LITHOLOGY SAMPLE DESCRIPTION AND DRILLING REMARKS 

RESIST 
(FEET'. 

CONSTRUCTION LOG 
(FEET) (BLOWS/6 IN.} (ppm) , -- , 

. -- ' - <l --- - --- L::,, - , 
- - , ---

<l ' - - ... --
L::,, 195- - - .... - , - , - GW ... - - ' - <l -- - ... - L::,, - , - -- , -
' - <l - - ---

L::,, 200- - - , -- , 
-

<l ' 
- -

- - -
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Boring & Well Construction Log Kennedy/ Jenks Consultants 
BORING LOCATION BN DISMANTLING YARD Borlng/W ell Name NMW-6A 
DRILLING COMPANY 

LAYNE ENVIRONMENTAL SERVICES DRILLER DEAN PLAUTZ Project Name SOUTH TACOMA FIELD 
DRILLING METHOD 

HOLLOW-STEM AUGER DRILL BIT(S) SIZE: l O" 0.D. I 
Project Number 916055.08 \ 

ISOLATION CASING FROM TO FT. 
NONE ELEVATION AND DATUM TOTAL DEPTH 

240.B FT MSL 42.5 FT 
BLANK CASING 

4" SCHEDULE 40 PVC 
FROM 

-2.4 TO 15.0 F"T. DA TE ST AR TED DA TE COMPLETED 

PERFORATED CASING FROM TO FT. 02/28/1991 03/01/1991 
4" 0.020" -SLOT SCHEDULE 40 PVC 15.0 40.0 INITIAL WATER DEPTH (FT) 

SIZE AND TYPE OF FlLTE1~PACK FROM TO FT. 22.1 

1 0 20 COLORADO SILICA SAND 12.0 42.0 LOGGED BY 

12.0 n. 
T.C. MORIN 

SEAL 
1 /4" BENTONITE PELLETS 

FROM 
9.0 TO SAMPLING METHODS WELL COMPLETION 

□ SURFACE HOUSING 

GROUT CEMENT/BENTONITE MIX FROM O.QTO 9.Q FT. 2.5" DRIVE SAMPLES -STAND PIPE 2.4 FT. 

SAMPLES 
WELL uses 

TYPE RECO\'ERY "liE'si'sf DEPTH SAMPlf NO. 
CONSTRUCTION OVA UlHOLOGY 

LOG 
SAMPLE DESCRIPTION AND DRILLING REMARKS 

(FEET) (111.0WS/6 IN.) 
(FEET; (ppm) 

.;· 'i;, 50 Poorly graded GRAVEL with sill and sand 

- t": ~> - 17 GP/~ 
·~•-,;. 

-~.-r Black, moist, 60% rounded cobbles, 30% sand, 

- ."!! .~. - GM ~ 

-~) 10% silt, large amounts of debris (nails, 
·,11·:"'. - -~;_: ~.- -·:·~ bolts, slag, scrap steel, and wood). 

11 }i ~:~. 
u 0.5 25 • NMW-6A-5.0 '.'• ~:;> - ~ . SW 29 Xi .-_~,; 

5- ·•·-.- \X( - . - Well-graded SAND with gravel _.,. :--.~~- . 
,,-.··s 

._;· ~.r! 

,> 1-$ 6.0 
Moist, dense, 70% medium sand, 30% well-

·--~·~ .. . . -:-~J- ~;-~ - .... rounded gravels, very dense layer at 5 feet 
~:;;: i) 

.. 
\":'~. . . .. (drill was hopping). 
1) : ~~~ .. .. 

16 . _;,· .... 
u 1.3 22 NMW-6A-10.0 ;y .. 

41 . . .. SP 
10- - ... . . - Poorly graded SAND .... .. - ' - Grayish, moist, dense, 90% medium sand, 10% .. .. . . 

a .... - .. - fine sand and silt. 
. . - : 

Wall-graded SAND with allt and gravel 
15 

u 1.5 40 • NMW-6A-15.0 9. 1 . -
32 Light brown, moist, dense, 60% fine to medium 

15- . >--- - ·-- sand, 30% fine grovel (rounded), 10% fines. -- - ... ---- ----- - - . -
23 - -

• NMW-6A-20.0 
- - sw,-u 1.3 29 - 11 Slightly fewer gravels. 

30 -
20- - - SM ----- - - --

..sz - Wet. - - - ----- - ,.. - . 
-

6 - Grovels absent. 
- NMW-6A-25.0 - - -u 1.5 13 - 7.0 

36 -
25- - - ----- - - ... 

u NMW-6A-28.0 - 5.2 2.5 - Wall-graded SAND - - - ~ - . - Light olive brown, dense, 90% fine to - ~ coarse - SW -
2 - . 

sand, 10% fines. - - ~ u 1.4 4 NMW-6A-30.0 -
10 30- - - -

. 
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Boring & Well Construction Log Kennedy/ Jenks Consultants 
Project Name SOUTH TACOMA flELD Project Number 916055.08 Boring/Well Name NMW-6A 

SAMPLES 
WELL uses 

TYP£ RECOVERY 
PENElRAIKJ,I DEPlH SAIIPI! NO. 

CONSlRUCTION OVA LllHOI.OGY SAMPLE DESCRIPTION AND DRILLING REMARKS 
RESIST (FEET) 

LOG 
(FEET) (a.OWS/611.) (ppm) 

--- - - . '" . --- . 
- •. - ,. 
- . -- - . . .. -

1 - . 
• NMW-SA-35.0 

- - . .. u 0.9 4 - ' . .. . 
15 - SW 35- - . - . . -.. - . - . -- - -. -- . . . . - . - I- . . - . - . --.. -- . - - . -- . . - .. Poorly-graded SAND with gravel 
2 

40- - - -
u 1.2 33 NMW-SA-41.5 • .... .. SP Dork wet. dense. 60% medium sand. 40% 

50/3 
. . . . - gray • .. 

·- - fine gravel {well-rounded). 
...:..........: 

- - -
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Boring & Well Construction Log Kennedy/ Jenks Consultants 
BORING LOCA TIDN BN DISMANTLING YARD Boring/Well Name NMW-7A 
DRILLING COMPANY 

LAYNE ENVIRONMENTAL SERVICES DRILLER DEAN PLAUTZ Project Name SOUTH TACOMA FIELD 
DRILLING METHOD 

HOLLOW-STEM AUGER DRU BIT(S) SIZE: l O" O.D. Project Number 916055.08 I 

!SOLA TION CASING 
NONE 

F'ROM TO FT. 
EL£VA TION ANO DA lUM TOTAL DEPTH 

241.5 FT MSL 40.5 FT 
BLANK CASING 

4" SCHEDULE 40 PVC FROM -2.0 TO 15.0 FT. DA TE ST AR TED DATE COMPLETED 

PERFORATED CASING FROM TO n. 02/27/1991 02/28/1991 
4" 0.020" -SLOT SCHEDULE 40 PVC 15.0 40.0 INITIAL WATER DEPTH (n) 

SIZE AND TYPE OF Fl\ o/i PACK FROM TD n. 22.2 
· 8 12 COLORADO SILICA SAND 12.0 40.0 LOGGED BY 

F'ROM 
9.0 TO 12.Q FT. 

T.C. MORIN 
SEAL 

1/4" BENTONITE PELLETS SAMPLING METHODS WELL COMPLETION 
CJ SURF ACE HOUSING 

GROUT CEMENT/BENTONITE MIX FROM O.QTO 9.Q FT. 2.5' DRIVE SAMPLES -STAND PIPE 2.0 FT. 

SAMPLES 
WELL uses 

TYPE RECOVERY 
lt'Ult.llVU"" DEPTH SAMPlf NO. 

CON~N OVA LITHOLOGY 
LOG 

SAMPLE DESCRIPTION AND DRIWNG REMARKS 
RESIST (FEET) (FEET) {a.OIS/6 IL) (ppm} 

1f;. ;f I 
Poorly ;raded SAND with clay and ;ravel 

- . ·.·• ... g 
I~ 

3.9 
SP/ ... 

Grayish block, very moist, 70% medium sand, 

- . 
.•~·. ·.·. SC 15% rounded grovel, 15% cloy. 
~;~ ,,·:". 

;; !} 
. ... 

14 :Ji ... 
1.3 26 

. 
NMW-7A-5.0 ··:, . 

1.1 . u ~; ,:,1 Well•;raded SAND 
50 5- t-t - . -....... . Tonnish brown, moist, 70% sand, 30% well-~J~! <;,i . . 

;j ~! 
. . . ► . . ~ . rounded grovel . 

·"•· . SW . 
~~? 

. ~ ~? . 
- ·~t . . . 

~ Debris encountered (steel, brick, slog}. 
\·t 
!":,, :~J~ 

11 ._.-.. 
u 1.5 24 NMW-7A-10.0 

. 
3.0 . ~ . 

28 10- - ·.· .. - Poorly ;raded SAND .·. ·.· .. 
Ton, damp, 95% medium to fine sand, 5% -. . ~ .. . . 

. . . ·. ·.· ,_ silt. Sand is subrounded to round. . . 

. . .. . . ,_ 
.·. ·.· 

17 
.. 

• NMW-7A-15.0 
. ,-u 1.5 35 6.0 ·.· .. . . 

40 15- .· ... Rounded to well-rounded cobbles encountered ........ - .. . I--- . . ·.· . (3" diameter}. . - . .. 
"" - .· . .. - .. -. . 
"" - .. - ·.· ... - .· ... . - .. "" -

25 - . .. .. 
u 0.9 • NMW-7A-20.0 - . 3.5 -50/5 - .·. ·.· - .. SP (50% 20- - - - Sand fraction coarsens coarse sand. - .. -- ... 

fine grovel}. . - . .. ---__sz_ ·.·-. .. . - . - Granitic and gobbroic cobbles. - .. ... - .. -. - . -.. - . .. 
Wet. 

10 - .·. ·.· 
• NMW-7A-25.0 - -u 1.5 30 - 11 .. 

40 - ... .. Sand fraction becomes finer. 25- - - -- .·. ·.· - .. -- - ... .. - .. . . - .·. ·.· 
2.5 - NMW-7A-28.5 - .. ... 

0 -- ... . - ... - .· . .. - .. 
8 - - . ... Sample collected was heaving (disturbed} in 

G 1. 1 12 NMW-7A-30.0 - .. -. 
24 - .. 

30- - - augers. 

.. 
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Boring & Well Construction Log Kennedy/ Jenks Consultants 
Project Name SOUTH TACOMA FIELD Project Number 916055.08 Boring/Well Name NMW-7A 

SAMPLES 
WELL uses 1'£Nf1RA11CW DEPTH SAMPLE NO. LITHOLOGY SAMPLE DESCRIPTION ANO DRILLING REMARKS TYPE RECOIIERY RESIST (FEET, 

CONSTRUCTION OVA LOG 
(FEET) (a.OWS/611.) (ppm) 

.. .. -- .... 
- .. --- .. ... - .·. ·.· ~ -- .. SP -- • .... .. ~ - ... Gray; sand fraction is fine to medium: trace 

22 - . · 
u 1.0 NMW-7A-34.0 - 4.0 

.. 
~ 50/5 .. - little silt. - ·.·•· .. 

35- - --- .. Poorly graded SAND -- - - ·.• .. .. ~ - .·. ·.· -Orey. wet, very dense, 99% fine to medium -- •, - - .. ~. -- ·.• .. ·.·. SP sand. trace silt. 
- - - .... -- .. 

3 .. - ..•. •. 

u 1.4 6 - NMW-7A-40.0 - - ... . . - .... 
7 -

40- - - .. . ··. -- - ~ 
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SIEVE ANALYSIS DATA 

WELL: NMW-1A 

Depth collected (ft BGS) = 30.5-32.0 

Weight of sample (g) = 100.3 

Slew Openings Weight 

Siew Retained 
MNh No.tal llnl (mmJ lgr■mal 

2.95 75.0 o.o 
1.48 37.5 0.0 

0.748 19.00 0.0 

0.374 9.50 o.o 
4 0.187 4.75 2.45 

8 0.093 2.36 0.55 

16 0.048 1.18 1.20 

30 0.024 0.800 9.45 

50 0.012 0.300 54.80 

100 0.006 0.150 23.85 

200 0.003 0.075 5.40 

Passed 200-Mesh Slave 2.80 

Total 100.30 

(al U.S. standard sieve aizes. 
(bl NA - Not applicable. 

Percent Cumulative 
Retained Percent 

1%1 PNalng 1%1 

o.o 100.0 

0.0 100.0 

o.o 100.0 

0.0 100.0 

2.4 97.6 

0.5 97.0 

1.2 95.8 

9.4 88.4 

54.6 31.8 

23.8 8.0 

5.4 2.6 

2.8 -
100.0 NAlbl 
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0.1 

NMW-1A 

SIEVE SIZE (Mesh No.) 

40 20 12 8 4 
. I I . 
I I I ., I . ., r 
I ~ 

..... ~ _, I I I 
.J 

I / I I I I I I I I I I I 
I I I I II 

:, I I I v7: I I I , I 

l I I I I I 
I I I I 
I I I I 

, I I 
I 

I :; I 
J I I I I 

I I I I 

l 
I 

I I I I 
I I I I 

I I I :~; V I I 
I I I I 
I I 

}, 
I I 

I I I I 
I I I I 

I I I I I I 
I I I I I 
I I 

V I I -, 
I I I I I 
I I I I I 

I I 
3 4- 5 8 7 8 9 2 3 4- 5 8 7 8 9 

1 10 
SIEVE OPENINGS (mm) 

Dao = 0.41 
D:so = 0.29 
D10 = 0.12 
Cus=Deo/D10=3.4 
Cucr,> = 2.5 
F:so = 6 
D;,octp) = 1.74 



SIEVE ANALYSIS DATA 

WELL: NMW-2A 

Depth collected (ft BGS) = 23.5-25 

Weight of sample (g) = 100. 7 

Sieve Openinga 

Sieve 
MnhNo.lal llnJ 

2.95 

1.48 

0.748 

0.374 

4 0.187 

8 0.093 

30 0.024 

50 0.012 

100 0.006 

200 0.003 

Passed 200-Mesh Sieve 

Total 

(a) U.S. standard eieve eizea. 
(bl NA - Not applicable. 

lmmJ 

75.0 

37.5 

19.00 

9.50 

4.75 

2.36 

0.600 

0.300 

0.150 

0.075 

Weight 
Retelned 
laremeJ 

0.0 

0.0 

0.0 

0.0 

3.5 

4.8 

27.2 

29.1 

18.2 

15.2 

2.7 

100.7 

Percent Cumuletive 
Retained Percent 

1%1 PMSlna 1%1 

0.0 100.0 

0.0 100.0 

0.0 100.0 

0.0 100.0 

3.5 96.5 

4.8 91.8 

27.0 64.7 

28.9 35.8 

18.1 17.8 

15.1 2.7 

2.7 0.0 

100.0 NAlbl 
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NMW-2A 

SIEVE SIZE (Mesh No.) 

40 20 12 8 4 
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I I / ~ I I I I 
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/ 
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I I I I 

I I V I I I 
I I I I I 
I I I I I I 

I i I I I 
I I I I 

J 4 58789 2 J 4 58789 

1 10 
SIEVE OPENINGS (mm) 

.~ 

Dao = 0.52 
D:so = 0.23 
D10 = 0.12 
Cus=Deo/D10=4.3 
Cuc,,> = 2.5 
F30 = 6 
D30(fp) = 1 .4 



SIEVE ANALYSIS DATA 

WELL: NMW-3A 

Depth collected (ft BGS) = 26.5-28 

Weight of sample (g) = 100 

Sieve Openinga 

Sieve 
M•hNo.c., lln) 

2~95 

1.48 

0.748 

0.374 

4 0.187 

8 0.093 

30 0.024 

50 0.012 

100 0.006 

200 0.003 

Passed 200-Meah Sieve 

Total 

(a) U.S. standard sieve sizes. 
(b) NA - Not applicable. 

lmmt 

75.0 

37.5 

19.00 

9.50 

4.75 

2.38 

0.800 

0.300 

0.150 

0.075 

Weight 
Retained ...... , 

0.0 

0.0 

0.0 

0.0 

0.4 

1.8 

34.8 

52.1 

8.8 

1.9 

0.4 

99.8 

Percent Cumulative 
Retained Percent 

1%) Pealng 1%1 

0.0 100.0 

o.o 100.0 

0.0 100.0 

o.o 100.0 

0.4 99.8 

1.6 98.0 

34.9 83.1 

52.2 10.9 

8.8 ·2.3 

1.9 0.4 

0.4 0.0 

100.0 NAIIII 
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NMW-3A 

SIEVE SIZE (Mesh No.) 

40 2D 12 8 4 

. . . 

I I !...,- .......,...- / I 
I I /"f I I I IV I I / I 
I I I I I 
I I ~ I I I 

I ~ I I / I 
I l/ I I I I 
I / I I I I 

I I I I / I 
I , I I I I , I , , '/ , 
I I I I I 
I I I ~ l 

I / I I J I 
I I I I 

1 I I /' I I I I I 
'/I I I / I I 

I I I I I 
J I I I J I I 

/ I I t/ I I 
I I ·I I I 

V I I 1 I I 
._____..- I I I I 

~- I I I I 

s e 7 a 9 2 3 4 58789 2 3 4 58789 

0.1 1 10 
SIEVE OPENINGS (mm) 

Dao - 0.58 
D30 = 0.42 
D10 - 0.29 
Cus-Deo/D10-2 
Cuc,,) - 2.5 
FJO - 5 
D30(tp) - 2.10 



SIEVE ANALYSIS DATA 

WELL: NMW-38 

Depth collected (ft BGS) = 113.5-115 

Weight of sample (g) = 57 .5 

Siew Openings-

Slew 
MNhNo.lal Cini 

2.95 

1.48 

0.748 

0.374 

4 0.187 

8 0.093 

30 0.024 

50 0.012 

100 0.008 

200 0.003 

Passed 200-Mesh Sieve 

Total 

(a) U.S. standard sieve sizes. 
(b) NA - Not applicable. 

(mml 

75.0 

37.5 

19.00 

9.50 

4.75 

2.38 

0.800 

0.300 

0.150 

0.075 

Weight 
Retained 
(gramel 

o.o 
0.0 

0.0 

o.o 
0.8 

3.5 

19.1 

15.0 

8.7 

4.1 

1.3 

52.3 

Percent Cumulative 
Retained Percent 

('61 Pmlng ('61 

0.0 100.0 

o.o 100.0 

o.o 100.0 

0.0 100.0 

1.1 98.9 

8.7 92.2 

38.5 55.8 

28.7 27.0 

18.8 10.3 

7.8 2.5 

2.5 -
100.0 NAlbl 
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NMW-38 

SIEVE SIZE (Mesh No.) 

40 20 12 8 4 
. I I • 

I I I y L..----n V 
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/, I I 

II I I I I 
I I I I 

I I / I I Ii I I , I I 
I { I I 

I 
., I 

I V I I I 
I I I I I 

I ( I I I V I 
I I I I I I I 
I , 

I I y I y I I I 
I I I 

I I I I v, I 
I I I J. I I 

/ I I 

1 
I I 

/ I I I I 
I I I I 

I I /: I I 
I I I I 
I I 

I/ 
I I I 

I I I I I 
I I I I I 

J 4 58789 2 J 4 58789 

1 10 
SIEVE OPENINGS (mm) 

DIO = 0.68 
030 = 0.33 
D,o == 0.14 
Cus==Deo/D19 4.9 
CU(rp) - 2.t> 
FJO == 6 
D:,o(fp) - 1 .95 



Sieve analyses were not performed on soil samples collected from NMW-3C due to 
the preponderance of cobbles and boulders in the screened interval. The largest 
available filter pack and screei:, slot sizes were used for completion of NMW-3C. 



SIEVE ANALYSIS DATA 

WELL: NMW-4A 

Depth collected (ft BGS) = 20.5-22.0 

Weight of sample (g) = 100 

Sieve Openings· 

Sieve 
MNhNo.la1 llnJ 

2.96 

1,48 

0.748 

0.374 

4 0.187 

8 0.093 

30 0.024 

60 0.012 

100 0.008 

200 0.003 

Passed 200-Mesh Sieve 

Total 

(a) U.S. standard sieve sizes. 
(bl NA - Not applicable. 

lmmJ 

76.0 

37.6 

19.00 

9.60 

4.76 

2.36 

0.600 

0.300 

0.160 

0.076 

Weight 
Retained 
(gramaJ_ 

0.0 

0.0 

o.o 
3.7 

14.9 

11.3 

16.6 

10.0 

7.4 

7.3 

27.3 

98.6 

Percent Cumulative 
Retained Percent 

(CJf,J , ... 1ng (CJf,J 

0.0 100.0 

0.0 100.0 

0.0 100.0 

3.8 96.2 

16.1 81.1 

11.5 69.6 

16.9 62.8 

10.2 42.8 

7.6 35.1 

7.4 27.7 

27.7 -
100.0 NAlltl 
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2 3 458789 

10 
2 

Dao == 1.0 
030 == 0.090 
010 == 0.012 
Cus== Dao/D10==83 
Cuc,,) == 2.5 
FJO == 6 
D30(1p) ~ 0.54 
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SIEVE ANALYSIS DATA 

WELL: NMW-5A 

Depth collected (ft BGS) = 25-30 (Composite) 

Weight of sample (g) = 100 

Sieve Openings 

Sieve 
MHh No."'1 (Int 

2.95 

1.48 

0.748 

0.374 

4 0.187 

8 0.093 

30 0.024 

50 0.012 

100 0.006 

200 0.003 

Passed 200-Mesh Sieve 

Total 

(a) U.S. standard sieve aizes. 
(bl NA • Not applicable. 

(mmt 

75.0 

37.5 

19.00 

9.50 

4.75 

2.36 

0.600 

0.300 

0.150 

0.075 

Weight 
Retained 
lgramat 

0.0 

0.0 

0.0 

o.o 
5.0 

6.0 

25.6 

49.5 

14.2 

2.2 

1.3 

102.8 

Percent Cumulative 
Retained Percent 

('Kit Paulngl%t 

0.0 100.0 

0.0 100.0 

0.0 100.0 

0.0 100.0 

4.9 95.1 

4.9 90.3 

24.9 65.4 

48.2 17.2 

13.8 3.4 

2.1 1.3 

1.3 . 

100.0 NA(bl 
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SIEVE OPENINGS (mm) 

Daa = 0.53 
DJO = 0.38 
D10 == 0.22 
Cus==Dao/D1g==2.65 
Cuc,,) == 2.o 
FJO == 6 
D30(1p) == 2.3 

--
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Table No. 

GW-C1 

GW-C2 

GW-C3 

GW-C4 

GW-C5 

GW-C6 

GW-C7 

GW-CS 

GW-C9 

GW-C10 

GW-C11 

GW-C12 

GW-C13 

APPENDIX GW-C 
LIST OF TABLES 

Table Title <Sampling Location Number) 

Analytes Detected in Groundwater Samples from 0nsite 
Well NMW-1A (1760) 

Analytes Detected in Groundwater Samples from 0nsite 
Well NMW-2A (1758) 

Analytes Detected in Groundwater Samples from 0nsite 
Well NMW-3A (1756) 

Analytes Detected in Groundwater Samples from 0nsite 
Well NMW-3B (1755) 

Analytes Detected in Groundwater Samples from 0nsite 
Well NMW-3C (1757) 

Analytes Detected in Groundwater Samples from 0nsite 
Well NMW-4A (1759) 

Analytes Detected in Groundwater Samples from 0nsite 
Well NMW-5A (1754) 

Analytes Detected in Groundwater Samples from 0nsite 
Well NMw:.5s (1752) 

Analytes Detected in Groundwater Samples from 0nsite 
Well NMW-5C (1753) 

Analytes Detected in Groundwater Samples from 0nsite 
Well NMW-6A (1751) 

Analytes Detected in Groundwater Samples from 0nsite 
Well NMW-7A (1750) 

Analytes Detected in Groundwater Samples from 0nsite 
Well CBS-1A (1761) 

Analytes Detected in Groundwater Samples from 0nsite 
Well CBS-3A (1763) 

RI APPENDIX GW 
FINAL REPORT GW-Cii 916055.08 
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Table No. 

GW-C14 

GW-C15 

GW-C16 

GW-C17 

GW-C18 

GW--C19 

GW-C20 

GW-C21 

GW-C22 

GW-C23 

GW-C24 

GW-C25 

GW-C26 

APPENDIX GW-C 
LIST OF TABLES 

Table Title (Sampling Location Number> 

Analytes Detected in Groundwater Samples from Onsite 
Well CBS-4A (1764) 

Analytes Detected in Groundwater Samples from Onsite 
Well CBS-5A (1765) 

Analytes Detected in Groundwater Samples from Onsite 
Well CBS-7A (1767) 

Analytes Detected in Groundwater Samples from Onsite 
Well CBS-SA (1768) 

Analytes Detected in Groundwater Samples from Onsite 
Well CBS-9A (1769) 

Analytes Detected in Groundwater Samples from Onsite 
Well CBS-11A (1771) 

Analytes Detected in Groundwater Samples from Onsite 
Well MW-1A (1773) 

Analytes Detected in Groundwater Samples from Onsite 
Well MW-3A (1775) 

Analytes Detected in Groundwater Samples from Onsite 
Well MW-5A (1777) 

Analytes Detected in Groundwater Samples from Onsite 
Well STM-1A (1778) 

Analytes Detected in Groundwater Samples from Onsite 
Well STM-2A (1779) 

Analytes Detected in Groundwater Samples from Onsite 
Well STM-3A (1780) 

Analytes Detected in Groundwater Samples from Onsite 
Well STM-4A (1781) 

RI APPENDIX GW 
FINAL REPORT GW-Ciii 916055.08 
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Table No. 

GW-C27 

GW-C28 

GW-C29 

GW-C30 

GW-C31 

GW-C32 

GW-C33 

GW-C34 

GW-C35 

GW-C36 

APPENDIX GW-C 
LIST OF TABLES 

Table Title (Sampling Location Number) 

Analytes Detected in Groundwater Samples from Background 
Well CBS-5A (1765) 

Analytes Detected in Groundwater Samples from Background 
Well CBS-9A (1769) 

Analytes Detected in Groundwater Samples from Background 
Well 89.7-P1 (1782) 

Analytes Detected in Groundwater Samples from Background 
Well TL-16A (1783) 

Analytes Detected in Groundwater Samples from Background 
Well WCC-2 (1784) 

Analytes Detected in Groundwater Samples from Upgradient 
Well CBS-10A (1770) 

Analytes Detected in Groundwater Samples from Upgradient 
Well TL-12A (1785) 

Analytes Detected in Groundwater Samples from Upgradient 
Well TL-13A (1786) 

Analytes Detected in Groundwater Samples from Upgradient 
Well TL-14A (1787) 

Analytes Detected in Groundwater Samples from Upgradient 
Well TL-23A ( 1788) 

RI APPENDIX GW 

FINAL REPORT GW-Civ 916055.08 



Analyte 

lnorganics 

Aluminum 

Arsenic 

Barium 

Boron 

Calcium 

Cobalt 

Cyanide 

Iron 

Magnesium 

Manganese 

Potassium 

Sodium 

PAHs 

Naphthalene 

Acenaphthene 

Fluorene 

Phenanthrene 

voes 
Acetone 

TABLE GW-C1 

ANALVTES DETECTED IN GROUNDWATER SAMPLES 
COLLECTED FROM ONSITE WELL NMW-1A (1760) 

Concentration (pg/LJ1•·b1 

1st Quarter 2nd Quarter 3rd Quarter 
(April 1991) (July/August 1991) (Oct/Nov 1991) 

B 80.7 UJ B 107 UJ 2,290 

12.4 UJ 13.8 11 

B 20.1 B 14.9 B 31.3 

Not Analyzed 613 512 

37,700 46,600 57,000 

u 6.7 u 5 u 5 

Not Analyzed 60 38.7 

992 1,650 4,650 

13,600 19,000 24,500 

3,410 J4 4,410 5,200 

B 1,840 UJ B 2,070 B 1,570 UJ 

10,600 J4 13,600 17,000 UJ 

130 J2 190 68 

u 0.5 -- 3 2.6 

u 0.1 4 u 0.1 

u 0.05 0.14 u 0.05 

E 410 R J 78 u 50 

1, 1,2-Trichloroethane u 10 J 51 u 50 

Benzene E 300 R 480 D 230 

Toluene E 470 R 770 D 170 

Ethyl Benzene E 570 R 1,000 D 600 

Styrene u 10 u 100 u 50 

Xylenes (total) E 1,100 R 2,300 DJ 644 

GW-C1 

Page 1 of 2 

4th Quarter 
(January 1992) 

B 84.9 UJ 

B 8.8 

B 17.8 

449 

48,800 

B 3.2 

29.3 

2,130 

20,500 

4,710 

B 2,040 

15,600 

30 

1.8 

u 0.1 

u 0.05 

u 10 

u 10 

86 

51 

150 

J 3 

141 

916055.08 



TABLE GW-C1 

ANALVTES DETECTED IN GROUNDWATER SAMPLES 
COLLECTED FROM ONSITE WELL NMW-1A (1760) 

Concentration (pg/L)1•·bl 

Analyte 1st Quarter 2nd Quarter 3rd Quarter 
(Anril 1991) (Julv/Auoust 1991) (Oct/Nov 1991) 

Semivolatlles 

2-Methylphenol Not Analyzed 34 u 10 R 

2,2'-oxybis Not Analyzed J 1 u 10 R 
( 1-Chloropropane) 

4-Methylphenol Not Analyzed 23 u 10 R 

2,4-Dimethylphenol Not Analyzed E 120 u 10 R 

2-Methylnaphthalene Not Analyzed E 85 27 J4 

bis(2-Ethylhexyl)phthalate Not Analyzed u 10 BJ 6 J4 

Page 2 of 1 

4th Quarter 
(Januarv 19921 

u 10 

u 10 

u 10 

u 10 

15 

u 10 

(al Letters preceding the concentration value are laboratory qualifiers. letters following the concentration value are data 
validation qualifiers. 

(bl Concentrations for all four quarters are listed if analyte was detected during one or more quarters. A "U" qualifier 
indicates the analyte was not detected at the concentration indicated. 

GW-C1 916055.08 



Analyte 

In organics 

Aluminum 

Arsenic 

Barium 

Boron 

Calcium 

Total Chromium 

Cobalt 

Copper 

Cyanide 

Iron 

Lead 

Magnesium 

Manganese 

Nickel 

Potassium 

Sodium 

Vanadium 

PAHs 

Anthracene 

voes 

TABLE GW-C2 

ANALVTES DETECTED IN GROUNDWATER SAMPLES 
COLLECTED FROM ONSITE WELL NMW-2A (1758) 

Concentration (pg/Lt1•·b1 

1st Quarter 2nd Quarter 3rd Quarter 
(April 1991) (July/August 1991) (Oct/Nov 1991) 

947 423 B 121 UJ 

50.9 39.1 B 8.3 

B 30.6 B 53.8 B 50.9 B 

Not Analyzed 1,230 1,210 

6,760 9,240 58,100 

B 9.9 B 5 UJ u 4 

u 6.7 B 15.5 B 20.8 u 
B 13 UJ B 5 J4 B 1 UJ B 

Not Analyzed u 20 u 10 

2,730 10,900 16,900 

5.6 UJ B 2.6 UJ u 1 B 

21,600 19,000 22,400 

131 J4 358 884 

B 19.3 B 30.1 UJ 51.7 u 
B 2,720 J4 B 3,750 B 4,430 B 

87,500 J4 100,000 101,000 

B 18.3 B 29.7 B 16.3 UJ B 

u 0.05 B 0.053 UJ 0.054 u 

1,2-Dichloroethene u 10 u 13 J 5 J 
(total) . 
T richloroethene u 10 J 1 u 10 J 

GW-C2 

Page 1 of 2 

4th Quarter 
(January 1992) 

453 

45.6 

26.4 

1,340 

9,530 

12 UJ 

3 

8.9 

11.2 

3,660 

1.5 J4 

43,500 

123 

8 UJ 

4,220 

84,600 

24.1 

0.05 

7 

2 

916055.08 



Analyte 

Sernlvolatiles 

Diethylphthalate 

bis(2-Ethylhexyl) 
phthalate 

TABLE GW-C2 

ANALYTES DETECTED IN GROUNDWATER SAMPLES 
COLLECTED FROM ONSITE WELL NMW-2A (1758) 

Concentration (pg/L)1•·b1 

1st Quarter 2nd Quarter 3rd Quarter 
(April 1991) (July/August 1991) (Oct/Nov 1 991 ) 

Not Analyzed u 10 Not Analyzed J 

Not Analyzed u 10 Not Analyzed J 

Page 2 of 2 

4th Quarter 
(January 1992) 

2 

0.7 J4 

(al Letters preceding the concentration value are laboratory qualifiers. Letters following the concentration value are data 
validation qualifiers. 

(bl Concentrations for all four quarters are listed if analyte was detected during one or more quarters. A •u• qualifier 
indicates the analyte was not detected at the concentration indicated. 

GW-C2 916055.08 



Analyte 

In organics 

Aluminum 

Arsenic 

Barium 

Boron 

Calcium 

Cobalt 

Copper 

Iron 

Lead 

Magnesium 

Manganese 

Nickel 

Potassium 

Selenium 

Sodium 

Vanadium 

voes 

Chloroform 

TABLE GW-C3 

ANAL YTES DETECTED IN GROUNDWATER SAMPLES 
COLLECTED FROM ONSITE WELL NMW-3A (1756) 

Concentration (µg/L)1•·b1 

1st Quarter 2nd Quarter 3rd Quarter 
(April 1991) (July/August 1991 I (Oct/Nov 1991 ) 

557 J4 5,760 704 

u 3.2 B 3 u 2 u 
B 20.3 B 50.8 B 12.6 UJ B 

Not Analyzed 120 110 

10,500 13,500 13,700 

B 9.8 B 15.7 u 5 B 

B 14 UJ B 19.7 J4 B 2.5 UJ B 

636 J4 7,940 934 

B 1.2 .UJ 8 J4 B 1.8 UJ B 

B 4,630 J4 6,910 6,470 

193 509 100 

B 13.2 B 22.5 J4 u 14 u 

B 2,470 B 3,250 B 2,660 B 

B 3.2 u 30 UJ u 1 u 

23,700 J4 26,500 32,400 

u 3.3 B 15.6 B 5.2 u 

J 3 J 1 J 2 J 

1, 1, 1-Trichloroethane u 10 J 2 u 10 u 

Tetrachloroethene J 3 J 4 J 4 J 

4th Quarter 
(January 1992) 

341 

2 

12.1 

120 

12,500 

3.8 

6.1 

446 

1.5 J4 

5,760 

29.2 

8 UJ 

2,880 

2 UJ 

27,100 

4 

2 

10 

4 

(al Letters preceding the concentration value are laboratory qualifiers. Letters following the concentration value are data 
validation qualifiers. 

(bl Concentrations for all four quarters are listed if analyte was detected during one or more quarters. A "U" qualifier 
indicates the analyte was not detected at the concentration indicated. 

GW-C3 916055.08 



Analyta 

lnorganics 

Aluminum 

Arsenic 

Barium 

Boron 

Calcium 

Total Chromium 

Cob.alt 

Copper 

Iron 

Magnesium 

Manganese 

Potassium 

Sodium 

Zinc 

TABLE GW-C4 

ANALYTES DETECTED IN GROUNDWATER SAMPLES 
COLLECTED FROM ONSITE WELL NMW-38 (1755) 

Concentration (pg/L)1•·b1 

1st Quarter 2nd Quarter 3rd Quarter 
(April 1991 I (July/August 19911 (Oct/Nov 19911 

724 J4 B 63 UJ 271 

25.2 UJ B 4.7 22.5 

B 25.3 B 10.8 B 13.7 UJ 

Not Analyzed 85.6 u 31 

15,500 7,840 18,400 

B 3.6 u 5 u 4 

u 6.7 B 5.1 u 5 

B 4 UJ B 1.4 J4 u 1 

441 J4 997 279 UJ 

B 4,680 J4 B 3,420 5,520 

95.6 347 108 

B 4,4~0 B 1,590 B 4,550 

11,700 J4 7,960 17,100 UJ 

B 5.7 UJ 23.2 B 3.1 UJ 

4th Quarter 
(January 19921 

217 UJ 

27.3 

B 15.3 

B 29.9 UJ 

17,600 

u 7 

u 3 

u 1 

218 
.' 

5,370 

116 

B 4,780 

12,000 

B 4 UJ 

(al Letter preceding the concentration value are laboratory qualifiers. Letters following the concentration value are data 
validation qualifiers. 

(bl Concentrations for all four quarters are listed if analyte was detected during one or more quarters. A •u• qualifier 
indicates the analyte was not detected at the concentration. 

GW-C4 916055.08 



Analyte 

lnorganlcs 

Arsenic 

Barium 

Boron 

Calcium 

Iron 

Magnesium 

Manganese 

Potassium 

Sodium 

TABLE GW-C5 

ANALVTES DETECTED IN GROUNDWATER SAMPLES 
COLLECTED FROM ONSITE WELL NMW-3C (1757) 

Concentration (pg/L)1•·b1 

1st Quarter 2nd Quarter 3rd Quarter 
(April 199H (July/August 1991) (Oct/Nov 1991) 

B 5.7 UJ B 7 10 B 

B 11.5 B 6.6 B 6 UJ B 

Not Analyzed 66.9 u 31 B 

8,600 11,300 12,000 

302 J4 723 766 

B 5,460 J4 6,000 6,510 

122 205 213 

B 2,590 B 3,220 B 2,680 B 

8,380 ~4 9,270 15,100 UJ 

4th Quarter 
(January 1992) 

8.1 

6.8 UJ 

25.5 UJ 

11,900 

833 

6,690 

223 

2,890 

10,200 

(a) Letter preceding the concentration value are laboratory qualifiers. Letters following the concentration value are data 
validation qualifiers. 

(bl Concentrations for all four quarters are listed if analyte was detected during one or more quarters. A "U" qualifier 
indicates the analyte was not detected at the concentration. 

GW-C5 916055.08 



Analyte 

lnorganlcs 

Aluminum 

Arsenic 

Barium 

Boron 

Calcium 

Total Chromium 

Cobalt 

Copper 

Iron 

Magnesium 

Manganese 

Nickel 

Potassium 

Sodium 

Vanadium 

Zinc 

TABLE GW-C6 

ANALYTES DETECTED IN GROUNDWATER SAMPLES 
COLLECTED FROM ONSITE WELL NMW-4A (1759) 

Concentration (pg/L)la.bl 

1st Quarter 2nd Quarter 3rd Quarter 
(April 1991 ) (July/August 1991) (Oct/Nov 1991) 

5,940 J4 1,180 1,080 

B 7.2 UJ B 3.3 B 4.4 B 

B 56.5 B 33.1 B 16.6 UJ B 

Not Analyzed 41.5 u 31 B 

99,100 61,400 8,370 

B 3.8 u 5 B 8.9 u 
218 51.6 u 5 B 

B 8 UJ B 3.2 J4 B 11.2 B 

5,210 ·J4 2,320 3,690 

53,300 J4 32,300 B 2,290 

4,160 2,290 147 

1,950 778 43.5 

B 4,500 B 3,830 ·B 1,060 UJ B 

194,000 J4 234,000 142,000 

u 3.3 u 6 B 30.5 B 

118 27.6 B 7.7 UJ B 

4th Quarter 
(January 1992) 

282 UJ 

4.2 

36.3 

35 UJ 

22,600 

7 

13.7 

6.8 

3,620 

10,400 

731 

220 

2,180 

139,000 

12.2 

10.3 UJ 

(a) Letter preceding the concentration value are laboratory qualifiers. Letters following the concentration value are data 
validation qualifiers. 

(b) Concentrations for all four quarters are listed if analyte was detected during one or more quarters. A "U" qualifier 
indicates the analyte was not detected at the concentration. 

GW-C6 916055.08 



Analyte 

In organics 

Aluminum 

Barium 

Boron 

Calcium 

Total Chromium 

Cobalt 

Copper 

Cyanide 

Iron 

Lead 

Magnesium 

Manganese 

Potassium 

Sodium 

Vanadium 

voes 
Toluene 

TABLE GW-C7 

ANALYTES DETECTED IN GROUNDWATER SAMPLES 
COLLECTED FROM ONSITE WELL NMW-5A (1754) 

Concentration (pg/L)1•·b1 

1st Quarter 2nd Quarter 3rd Quarter 
(April 1991-) (July/August 1991) (Oct/Nov 1991) 

1,020 J4 959 828 

B 15.6 B 9.7 J4 B 10.4 UJ B 

Not Analyzed 900 373 

B 4,560 B 4,220 5,690 B 

B 3.9 u 5 B 6.1 B 

u 6.7 u 5 u 5 B 

B 5 UJ B 2 J4 B 1.6 UJ u 

Not Analyzed 80 13.1 

1,350 ,J4 1,790 1,440 

B 2.1 UJ B 2.2 B 1.4 UJ u 
B 3,380 J4 B 3,800 5,670 B 

143 105 144 

B 1,500 UJ B 1,160 B 1,980 B 

18,900 J4 19,700 28,700 

u 3.3 u 6 B 9.8 B 

J 1 J 3 UJ u 10 UJ u 

4th Quarter 
(January 1992) 

363 

6.3 UJ 

319 

3,470 

7.8 UJ 

3.3 

1 

15.7 J3 

601 

1 UJ 

3,460 

36.4 

1,270 

14,000 

6.2 

10 

(a) Letter preceding the concentration value are laboratory qualifiers. Letters following the concentration value are data 
validation qualifiers. 

(bl Concentrations for all four quarters are listed if analyte was detected during one or more quarters. A "U" qualifier 
indicates the analyte was not detected at the concentration.2 

GW-C7 916055.08 



Analyte 

lnorganlcs 

Aluminum 

Arsenic 

Barium 

Boron 

Calcium 

Magnesium 

Manganese 

Potassium 

Sodium 

Vanadium 

PAHs 

Anthracene 

TABLE GW-CS 

ANALYTES DETECTED IN GROUNDWATER SAMPLES 
COLLECTED FROM ONSITE WELL NMW-5B (1752) 

Concentration (pg/L)1•;b, 

1st Quarter 2nd Quarter 3rd Quarter 
(April 1991 j (July/August 1991) (Oct/Nov 1991) 

B 38.2 UJ B 76.1 u 19 B 

10.7 UJ B 7.8 UJ B 7.4 B 

B 9.1 B 9.1 B 7.7 UJ B 

Not Analyzed 20.2 u 31 B 

17,800 17,200 18,800 

8,040 8,640 9,640 

64.6 J4 63.8 67.3 

B 2,630 J4 B 2,330 B 3,800 B 

6,890 .:J4 6,420 13,200 UJ 

u 3.3 u 6 B 5.2 u 

u 0.05 0.054 B 0.061 UJ u 

4th Quarter 
(January 1992) 

20.4 UJ 

8.2 

8.6 

25.5 UJ 

18,400 

9,400 

69.4 

3,320 

7,210 

4 

0.05 

(a) Letter preceding the concentration value are laboratory qualifiers. Letters following the concentration value are data 
validation qualifiers. 

lb) Concentrations for all four quarters are listed if analyte was detected during one or more quarters. A "U" qualifier 
indicates the analyte was not detected at the concentration. 
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Analyte 

In organics 

Arsenic 

Barium 

Boron 

Calcium 

Iron 

Magnesium 

Manganese 

Potassium 

Sodium 

Vanadium 

PAHs 

Anthracene 

voes 

Carbon Disulfide 

Semivolatiles 

TABLE GW-C9 

ANALYTES DETECTED IN GROUNDWATER SAMPLES 
COLLECTED FROM ONSITE WELL NMW-5C (1753) 

Concentration (pg/LJ1•·b1 

1st Quarter 2nd Quarter 3rd Quarter 
(April 1991) (July/August 1991) (Oct/Nov 1991) 

B 6.1 UJ B 8.5 10.2 

B 12.9 B 8.4 B 7.1 UJ 

Not Analyzed B 99.5 102 

28,000 29,700 30,500 

341 J4 407 367 

9,320 J4 10,700 11,000 

196 203 202 

B 3,590 B 3,710 B 3,410 

8,97Q J4 8,260 11,500 UJ 

u 3.3 B 6 u 4 

u 0.05 J 0.044 B 0.055 UJ 

u 10 u 10 J 1 J3 

bis(2-Ethylhexyl)phthalate Not Analyzed u 10 Not Analyzed 

4th Quarter 
(January 1 992J 

B 8.6 

B 8.3 

B 91.3 UJ 

31,200 

408 

11,300 

212 

B 3,660 

8,930 

u 4 

u 0.05 

u 10 

J 1 

(al Letter preceding the concentration value are laboratory qualifiers. Letters following the concentration value are data 
validation qualifiers. 

(bl Concentrations for all four quarters are listed if analyte was detected during one or more quarters. A •u· qualifier 
indicates the analyte was not detected at the concentration. 
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Analyta 

In organics 

Aluminum 

Barium 

Boron 

Calcium 

Total Chromium 

Iron 

Lead 

Magnesium 

Manganese 

Nickel 

Potassium 

Silver 

Sodium 

Vanadium 

TABLE GW-C10 

ANALYTES DETECTED IN GROUNDWATER SAMPLES 
COLLECTED FROM ONSITE WELL NMW-6A (1751) 

Concentration (pg/LJ'•·bl 

1st Quart~ 2nd Quarter 3rd Quarter 
(April 1991) (July/August 1991) (Oct/Nov 1991 ) 

1,080 J4 B 177 238 B 

B 21.3 B 3.7 J4 B 8.2 UJ B 

Not Analyzed 528 685 

11,000 9,150 17,600 

B 3.6 u 5 u 4 B 

1,270 J4 236 331 

B 2 UJ B 1.6 4.3 UJ u 
B 3,980 J4 B 3,430 6,950 

95.1 29.8 B 9.2 B 

B 7.1 u 15 UJ u 14 u 
B 1,490 UJ u 973 B 1,530 B 

u ~.7 R B 4.4 u 3 u 

9,980 J4 8,440 12,000 UJ 

u 3.3 u 6 B 7.1 u 

4th Quarter 
(January 1992) 

115 UJ 

9.7 

699 

20,100 

9.6 UJ 

150 

1 UJ 

7,910 

4.2 

8 UJ 

1,320 

6 

13,300 

4 

(al Letter preceding the concentration value are laboratory qualifiers. Letters following the concentration value are data 
validation qualifiers. 

(bl Concentrations for all four quarters are listed if analyte was detected during one or more quarters. A •u• qualifier 
indicates the analyte was not detected at the concentration. 

. 
l 
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Analyte 

lnorganics 

Aluminum 

Barium 

Boron 

Calcium 

Iron 

Lead 

Magnesium 

Manganese 

Potassium 

Selenium 

Sodium 

Vanadium 

TABLE GW-C11 

ANALYTES DETECTED IN GROUNDWATER SAMPLES 
COLLECTED FROM ONSITE WELL NMW-7A (1750) 

Concentration (pg/L) la.bl 

1st Quarter 2nd Quarter 3rd Quarter 
(April 1991-) (July/August 1991) (Oct/Nov 1991 ) 

1,100 J4 B 176 1,560 B 

B 14.5 B 3.7 J4 B 13.2 UJ B 

Not Analyzed 1,200 1,060 

12,800 12,100 10,500 

505 J4 130 J4 2,400 B 

B 1.9 UJ B 2.1 B 2.1 UJ u 
6,240 J4 5,550 B 4,920 

17.2 B 2.5 J4 85.8 B 

B 1,620 ,UJ B 1,470 B 1,430 B 

u 1.4 u 3 UJ u 1 B 

17,300 J4 19,100 23,300 UJ 

u 3.3 u 6 B 11 u 

4th Quarter 
(January 1992) 

75.4 UJ 

6.4 UJ 

1,160 

13,500 

95.3 UJ 

1 UJ 

5,920 

3 

1,790 

2.1 J4 

25,200 

4 

(a) Letter preceding the concentration value are laboratory qualifiers. Letters following the concentration value are data 
validation qualifiers. 

(bl Concentrations for all four quarters are listed if analyte was detected during one or more quarters. A "U" qualifier 
indicates the analyte was not detected at the concentration. 
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Analyte 

lnorganlcs 

Aluminum 

Barium 

Boron 

Calcium 

Iron 

Lead 

Magnesium 

Manganese 

Sodium 

TABLE GW-C12 

ANALYTES DETECTED IN GROUNDWATER SAMPLES 
COLLECTED FROM ONSITE WELL CBS-1A (1761) 

Concentration 1,,g/Ll1a.bl 

1st Quarter 2nd Quarter 3rd Quarter 
(April 19911 (July/August 19911 (Oct/Nov 19911 

362 UJ B 170 265 

B 9.5 B 2.2 J4 B 4.9 UJ B 

Not Analyzed 405 125 

5,920 6,220 8,520 

327 J4 166 266 UJ 

B 0.91 UJ B 1.3 B 1.7 UJ B 

B 1,450 J4 B 1,500 B 2,100 B 

B 13.3 B 8.5 18.1 B 

18,500 ~4 13,500 17,900 UJ 

4th Quarter 
(January 19921 

256 UJ 

5.9 UJ 

248 

6,380 

247 

1.8 J4 

1,640 

11.9 

8,760 

(al Letter preceding the concentration value are laboratory qualifiers. Letters following the concentration value are data 
validation qualifiers. 

(bl Concentrations for all four quarters are listed if analyte was detected during one or more quarters. A •u• qualifier 
indicates the analyte was not detected at the concentration. · 

( 
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i 

Analyte 

In organics 

Barium 

Beryllium 

Boron 

Calcium 

Total Chromium 

Lead 

Magnesium 

Manganese 

Potassium 

Sodium 

Vanadium 

voes 
Chloromethane 

T richloroethene 

TABLE GW-C13 

ANAL YTES DETECTED IN GROUNDWATER SAMPLES 
COLLECTED FROM ONSITE WELL CBS-3A (1763) 

Concentration (pg/L)1•·b1 

1st Quarter 2nd Quarter 3rd Quarter 
(April 1991-) (July /August 1991 ) (Oct/Nov 1991 ) 

B 10.6 B 3 J4 B 3.3 UJ B 

u 1.1 u 1 u 1 B 

Not Analyzed 390 75.2 B 

14,300 13,400 13,500 

B 3.7 u 5 u 4 u 

u 0.7 UJ B 1.9 B 1.3 UJ B 

6,500 J4 6,760 6,640 

B 3.4 UJ u 1 UJ B 7.9 B 

B 2,240 B 2,320 B 1,480 B 

124,000 J4 10,500 11,000 UJ 

u 3.3 u 6 B 4.2 u 

u 10 J 3 u 10 UJ u 

J 3 J 2 J 6 J3 J 

4th Quarter 
(January 1992) 

4.7 UJ 

1 

98.2 

12,800 

7 

1.7 J4 

6,330 

2 

1,620 

5,670 

4 

10 

5 

(al Letter preceding the concentration value are laboratory qualifiers. Letters following the concentration value are data 
validation qualifiers. 

(b) Concentrations for all four quarters are listed if analyte was detected during one or more quarters. A "U" qualifier 
indicates the analyte was not detected at the concentration. 
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Analyte 

lnorganlcs 

Arsenic 

Barium 

Boron 

Calcium 

Cyanide 

Lead 

Magnesium 

Potassium 

Silver 

Sodium 

Vanadium 

PAHs 

Anthracene 

voes 
Trichloroethene 

TABLE GW-C14 

ANALVTES DETECTED IN GROUNDWATER SAMPLES 
COLLECTED FROM ONSITE WELL CBS-4A (1764) 

Concentration (pg/LJ1•-bl 

1st Quarter 2nd Quarter 3rd Quarter 
(April 1991) (July/August 1991 J (Oct/Nov 1991 J 

B 4.3 UJ u 2 B 1.1 B 

u 7.8 B 6.7 J4 B 3.1 UJ B 

Not Analyzed 242 768 

19,000 20,700 6,780 

Not Analyzed u 10 11.4 

u 0.7 B 1.8 u 1 B 

11,800 13,400 B 4,440 

B 1,830 UJ B 2,480 B 2,080 UJ B 

u 6.7 B 5 u 3 u 

10,200 J4 10,200 38,000 

·u 3.3 u 6 B 10.3 UJ B 

u 0.05 u 0.05 0.053 u 

u 10 u 10 J 2 u 

4th Quarter 
(January 1992) 

3 

5.7 UJ 

786 

7,700 

11.9 

1.2 J4 

5,130 

1,870 

6 

32,900 

5.6 

0.05 

10 

(al Letter preceding the concentration value are laboratory qualifiers. Letters following the concentration value are data 
validation qualifiers. 

(bl Concentrations for all four quarters are listed if analyte was detected during one or more quarters. A "U" qualifier 
indicates the analyte was not detected at the concentration. 
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Analyte 

lnorganics 

Boron 

Calcium 

Iron 

Lead 

Magnesium 

Potassium 

Sodium 

TABLE GW-C15 

ANAL YTES DETECTED IN GROUNDWATER SAMPLES 
COLLECTED FROM ONSITE WELL CBS-SA (1765) 

Concentration (pg/LJ1•·b1 

1st Quarter 2nd Quarter 3rd Quarter 
(April 1991) (July/August 19911 (Oct/Nov 1991 I 

Not Analyzed 44 B 52.6 B 

10,500 10,200 9,910 

160 UJ B 13.6 J4 101 UJ B 

B 0.82 UJ B 1.4 u 1 B 

6,640 J4 6,440 7,360 

B 1,640 UJ B 1,080 B 992 UJ B 

7,180 J4 5,190 11,900 UJ 

4th Quarter 
(January 19921 

36.7 UJ 

9,490 

36.3 UJ 

1 J4 

6,630 

,, 140 

5,190 

(al Letter preceding the concentration value are laboratory qualifiers. Letters following the concentration value are data 
validation qualifiers. 

(bl Concentrations for all four quarters are listed if analyte was detected during one or more quarters. A "U" qualifier 
indicates the analyte was not detected at the concentration. 
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Analyte 

lnorganics 

Aluminum 

Arsenic 

Barium 

Boron 

Calcium 

Iron 

Lead 

Magnesium 

Manganese 

Potassium 

Sodium 

Vanadium 

TABLE GW-C16 

ANALYTES DETECTED IN GROUNDWATER SAMPLES 
COLLECTED FROM ONSITE WELL CBS-7A (1767) 

Concentration (pg/LJ'•;bl 

1st Quarter 2nd Quarter 3rd Quarter 
(April 1991) (July/August 1991) (Oct/Nov 1991 ) 

300 UJ B 118 B 191 B 

B 6.4 UJ u 2 UJ u 1 B 

B 11 B 5.6 B 3.1 UJ B 

Not Analyzed 120 B 83.5 

13,400 10,700 12,700 

346 J4 187 304 

3.9 UJ 3.7 UJ 5 UJ B 

1,210 J4 6,680 7,810 

B 8.1 B 6.6 UJ B 6.2 UJ u 

B 2,010 B 1,470 B 2,000 UJ B 

10,500 J4 7,800 15,300 UJ 

u 3.3 B 6 B 5.5 UJ B 

4th Quarter 
(January 1992) 

95.9 UJ 

1.1 

6.8 UJ 

111 

15,800 

154 UJ 

2.4 J4 

10,200 

2 

1,740 

9,010 

4.1 

(a) Letter preceding the concentration value are laboratory qualifiers. Letters following the concentration value are data 
validation qualifiers. 

(bl Concentrations for all four quarters are listed if analyte was detected during one or more quarters. A "U" qualifier 
indicates the analyte was not detected at the concentration. 

GW-C16 916055.08 
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Analyte 

lnorganlcs 

Aluminum 

Antimony 

Arsenic 

Barium 

Boron 

Calcium 

Total Chromium 

Iron 

Lead 

Magnesium 

Manganese 

Potassium 

Sodium 

Vanadium 

Zinc 

PAHs 

Naphthalene 

Acenaphthylene 

Acenaphthene 

Fluorene 

Phenanthrene 

Anthracene 

Fluoranthene 

Pyrene 

GW-C17 

TABLE GW-C17 

ANALYTES DETECTED IN GROUNDWATER SAMPLES 
COLLECTED FROM ONSITE WELL CBS-SA (1768) 

Concentration (pgJU1•·bl 

1st Quarter 2nd Quarter 3rd Ouartar 
(Aprll 1991) (July/August 1991) (Oct/Nov 1991) 

307 B 124 UJ B 110 UJ B 

u 43.3 u 20 B 50.7 B 

B 6.4 UJ B 2.3 u 1 B 

302 388 423 

Not Analyzed 1,880 1,680 

63,700 74,100 80,300 

B 7.1 u 5 u 4 u 
14,300 17,000 20,600 

58.9. 25.2 13.4 J4 

59,400 76,500 81,800 

492 J4 574 652 

B 5,140 J4 6,860 6,570 

92,300 J4 95,300 91,000 

u 3.3 B 8.5 B 7.6 UJ B 

150 48.2 31.8 

2.3 7.1 8.5 

2.9 u 1 u 1 u 
2.6 4.7 4.7 

0.25 3.8 1.5 

0.22 0.52 0.68 

0.65 0.28 UJ 0.32 

0.21 0.47 0.49 

u 0.1 0.23 0.33 

Page 1 of 2 

4th Quarter 
(January 1992) 

120 UJ 

13.3 

1.6 

500 

1,940 

87,200 

7 

22,200 

16.5 J4 

93,800 

714 

6,940 

98,400 

5.5 

49.3 

11 

1 

5.8 

4.5 

1.1 

0.29 

0.73 

0.49 

916055.08 



TABLE GW-C17 

ANALVTES DETECTED IN GROUNDWATER SAMPLES 
COLLECTED FROM ONSITE WELL CBS-SA (1768) 

Concentration (pg/LJ1•·111 

1st Quarter 2nd Quarter 3rd Quarter 

Page 2 of i 

4th Quarter Analyte 
(Aprll 1991) (July/August 1991) (Oct/Nov 1991) (January 1992) 

voes 
Vinyl Chloride u 1 J 2 u 10 u 10 

1,2-Dichloroethene (total) J 6 u 13 u 10 u 10 

Trichloroethene J 1 u 10 u 10 u 10 

2-Methylnaphthalene Not Analyzed u 10 J 0.7 J 1 

Semivolatlles 

Dibenzofuran Not Analyzed J 4 J 3 J 4 

Carbazole Not Analyzed J 3 J 4 J 2 

bis(2-Ethylhexyl)phthalate Not Analyzed u 10 u 10 J 1 J4 

(a) Letter preceding the concentration value are laboratory qualifiers. Letters following the concentration value are data 
validation qualifiers. 

(b) Concentrations for all four quarters are listed if analyte was detected during one or more quarters. A •u• qualifier 
indicates the analyte was not detected at the concentration. 
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Analyte 

lnorganics 

Arsenic 

Barium 

Boron 

Calcium 

Total Chromium 

Cobalt 

Iron 

Lead 

Magnesium 

Manganese 

Nickel 

Potassium 

Sodium 

Vanadium 

TABLE GW-C18 

ANALYTES DETECTED IN GROUNDWATER SAMPLES 
COLLECTED FROM ONSITE WELL CBS-9A (1769) 

Concentration (pg/L)1a.bl 

1st Quarter 2nd Quarter 3rd Quarter 
(April 1991) (July/August 1991 ) (Oct/Nov 1991) 

13.9 UJ B 9 B 7.6 B 

B 30.2 B 20.2 B 18.4 UJ B 

Not Analyzed 184 169 

44,200 39,100 33,100 

B 5.3 u 5 u 4 u 

u 6.7 B 5.9 u 5 u 
31,000 27,100 23,200 

u 0.7 B 1 u 1 B 

10,400 9,490 8,230 

1,050 J4 891 717 

·B 8 u 15 UJ u 14 u 

B 2,270 J4 B 2,650 B 2,110 UJ B 

20,800 J4 18,100 21,400 

u 3.3 u 6 B 10.6 UJ B 

4th Quarter 
(January 1992) 

8.7 

17.2 UJ 

182 

36,500 

7 

3 

24,800 

1.1 J4 

9,130 

834 

8 

2,320 

16,400 

4.1 

(a) Letter preceding the concentration value are laboratory qualifiers. Letters following the concentration value are data 
validation qualifiers. 

(bl Concentrations for all four quarters are listed if analyte was detected during one or more quarters. A •u• qualifier 
indicates the analyte was not detected at the concentration. 
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Analyte 

lnorganics 

Barium 

Boron 

Calcium 

Copper 

Magnesium 

Potassium 

Sodjum 

PAHs 

Anthracene 

TABLE GW-C19 

ANALYTES DETECTED IN GROUNDWATER SAMPLES 
COLLECTED FROM ONSITE WELL CBS-11 A (1771) 

Concentration (pg/L)1•·111 

1st Quarter 2nd Quarter 3rd Ouarter 
(April 1991) (July/August 1991) (Oct/Nov 1991 ) 

B 11.1 B 7 B 5.5 UJ B 

Not Analyzed 321 289 

27,000 30,800 28,800 

B 3 UJ B 2 .. 4 B 2.7 UJ u 

6,840 J4 7,230 7,540 

B 1,650 UJ u 973 B 1,490 UJ B 

8,750 J4 7,190 8,450 UJ 

u 0.05 J 0.027 u 0.05 u 

4th Quarter 
(January 1992) 

5.7 UJ 

304 

26,800 

1 

7,390 

1,160 

8,000 

0.05 

(a) Letter preceding the concentration value are laboratory qualifiers. Letters following the concentration value are data 
validation qualifiers. 

(bl Concentrations for all four quarters are listed if analyte was detected during one or more quarters. A "U" qualifier 
indicates the analyte was not detected at the concentration. 

GW-C19 916055.08 



Analyte 

In organics 

Arsenic 

Boron 

Calcium 

Iron 

Lead 

Magnesium 

Manganese 

Potassium 

Sodium 

voes 
Chloroform 

TABLE GW-C20 

ANALYTES DETECTED IN GROUNDWATER SAMPLES 
COLLECTED FROM ONSITE WELL MW-1A (1773) 

Concentration (pg/U1•·b1 

1st Quarter 2nd Quarter 3rd Quarter 
(April 1991 ) (July/August 1991) (Oct/Nov 1991 ) 

u 3.2 u 2 B 1.5 u 

Not Analyzed 74.3 65 B 

11,200 5,160 14,300 

117 B 73.3 UJ 2,260 B 

u 0.7 4.2 UJ B 1.2 UJ 

B 3,000 B 1,300 B 3,680 B 

B 14.9 J4 B 3.8 UJ 305 B 

B 643 UJ u 973 B 1,790 UJ B 

B 5,050 . J4 B 3,500 11,600 UJ 

u 10 20 J 4 u 

Bromodichloromethane u 10 J 2 u 10 u 

4th Quarter 
(January 19921 

1 

76.7 UJ 

6,990 

31.3 UJ 

3.5 J4 

2,060 

9 

652 

5,140 

10 

10 

(al Letter preceding the concentration value are laboratory qualifiers. Letters following the concentration value are data 
validation qualifiers. 

(bl Concentrations for all four quarters are listed if analyte was detected during one or more quarters. A "U" qualifier 
indicates the analyte was not detected at the concentration. 
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Analyte 

lnorganics 

Aluminum 

Antimony 

Arsenic 

Barium 

Boron 

Calcium 

Total Chromium 

Iron 

Magnesium 

Manganese 

Potassium 

Silver 

Sodium 

Zinc 

voes 

Carbon Disulfide 

TABLE GW-C21 

ANAL YTES DETECTED IN GROUNDWATER SAMPLES 
COLLECTED FROM ONSITE WELL MW-3A (1775) 

Concentration (pg/L)1•·111 

1st Ouartar 2nd Quarter 3rd Quarter 
(April 1991) (July/August 1991) (OctJNov 1991) 

241 B 89.1 UJ 396 B 

u 43.3 B 28 UJ B 40.9 u 
u 3.2 26.8 u 1 u 
u 7.8 B 14.1 B 3.7 UJ B 

Not Analyzed 60.4 B 74.9 B 

9,350 17,900 B 4,970 

B 3.6 u 5 u 4 

334 B 94.6 UJ 625 

B 4,080 5,290 B 2,350 B 

66.3 J4 90.9 50.9 

B 1,140 UJ B 4,930 B 1,660 UJ B 

B 9.8 J4 u 4 B 4 UJ u 
6,170 J4 10,700 19,200 UJ 

B 13.6 UJ B 2 UJ B 4.4 UJ --

u 10 u 10 u 10 J 

4th Quarter 
(January 1992) 

35 UJ 

11 

1 

17 UJ 

79.3 UJ 

7,190 

15.7 UJ 

184 UJ 

3,200 

221 

1,490 

6 

11,000 

63.8 

3 

(a) Letter preceding the concentration value are laboratory qualifiers. Letters following the concentration value are data 
validation qualifiers. 

(b) Concentrations for all four quarters are listed if analyte was detected during one or more quarters. A "U" qualifier 
indicates the analyte was not detected at the concentration. 
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Analyte 

lnorganics 

Aluminum 

Barium 

Boron 

Calcium 

Iron 

Lead 

Magnesium 

Manganese 

Nickel 

Potassium 

Sodium 

voes 

TABLE GW-C22 

ANAL YTES DETECTED IN GROUNDWATER SAMPLES 
COLLECTED FROM ONSITE WELL MW-SA (1777) 

Concentration (pg/LJ1•-bl 

1st Quarter 2nd Quarter 3rd Quarter 
(April 1991) (July/August 1991) (Oct/Nov 1991) 

458 B 146 B 41.2 UJ B 

B 9.1 u 2 UJ u 2 B 

Not Analyzed 183 192 

10,500 8,300 11,800 

701 261 B 60.2 UJ B 

u 0.7 u 1 u 1 B 

B 3,650 B 3,110 B 4,600 B 

37.5 J4 B 13.9 B 3.3 UJ B 

B 7.6 u 15 UJ u 14 u 

B 863 UJ u 973 B 1,580 UJ B 

5,630 J4 B 4,170 6,480 UJ 

1, 1, 1-Trichloroethane J 1 J 3 10 J 

Tetrachloroethene J 3 J 4 u 10 u 

4th Quarter 
(January 19921 

26.8 UJ 

2.9 UJ 

239 

12,300 

52.5 UJ 

1.2 J4 

4,750 

2.3 

8 

883 

6,340 

9 

10 

(al Letter preceding the concentration value are laboratory qualifiers. Letters following the concentration value are data 
validation qualifiers. 

(bl Concentrations for all four quarters are listed if analyte was detected during one or more quarters. A "U" qualifier 
indicates the analyte was not detected at the concentration. 
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Analyte 

lnorganlcs 

Aluminum 

Barium 

Boron 

Calcium 

Total Chromium 

Cyanide 

Lead 

Magnesium 

Manganese 

Potassium 

Silver 

Sodium 

Zinc 

PAHs 

Anthracene 

TABLE GW-C23 

ANALYTES DETECTE·D IN GROUNDWATER SAMPLES 
COLLECTED FROM ONSITE WELL STM-1A (1778) 

Concentration (pg/Ll1•.III 
1st Quarter 2nd Quarter 3rd Quarter 
(April 19911 (July/August 19911 (Oct/Nov 19911 

827 B 50 B 43.7 B 

u 7.8 B 6.3 B 8 UJ B 

Not Analyzed 963 1,110 

B 5,440 8,780 11,700 

B 4.5 u 5 u 4 u 

Not Analyzed 20 33.3 

u 0.7 u 1 B 1.2 UJ B 

B 1,600 B 2,820 5,010 

B 7 -UJ B 3.3 UJ B 2.5 UJ B 

B 5,280 J4 B 1,300 B 3,420 B 

u 6.7 u 4 B 3.5 u 
36_,300 J4 20,600 21,400 UJ 

B 17 UJ B 5.8 UJ ·B 9.3 UJ B 

u 0.05 J 0.036 u 0.05 u 

4th Quarter 
(January 19921 

45.9 UJ 

8.1 UJ 

1,100 

17,000 

7 ! 

29.8 

1.2 J4 

6,910 

5.7 

3,370 

6 

9,520 

17.2 

0.05 

(al Letter preceding the concentration value are laboratory qualifiers. Letters following the concentration value are data 
validation qualifiers. 

(bl Concentrations for all four quarters are listed if analyte was detected during one or more quarters. A •u• qualifier 
indicates the analyte was not detected at the concentration. 

GW-C23 916055.08 



Analyte 

lnorganics 

Barium 

Boron 

Calcium 

Iron 

Magnesium 

Potassium 

Selenium 

Silver 

Sodium 

Vanadium 

Zinc 

PAHs 

Anthracene 

TABLE GW-C24 

ANALYTES DETECTED IN GROUNDWATER SAMPLES 
COLLECTED FROM ONSITE WELL STM-2A (1779) 

Concentration (pg/L)1•·b1 

1st Quarter 2nd Quarter 3rd Quarter 
(April 1991) (July/August 1991) (Oct/Nov 1991) 

B 26.4 B 23.8 B 25.2 UJ B 

Not Analyzed 1,670 1,730 

109,000 87,800 88,700 

B 55.8 UJ 207 u 11 B 

70,800 43,500 51,500 

B 2,550 J4 B 2,930 B 3,200 B 

B 4 UJ 13.4 UJ 26.8 J4 B 

B 10.6 J4 u 4 u 3 u 

14,100 J4 20,200 24,500 UJ 

u 3.3 u 6 B 5.6 u 

726 54 UJ 22.2 UJ 

u 0.05 J 0.044 u 0.05 u 

4th Quarter 
(January 1992) 

16.7 UJ 

1,300 

69,000 

21 UJ 

36,100 

3,050 

4.9 J4 

6 

22,100 

4 

28.6 

0.05 

(al Letter preceding the concentration value are laboratory qualifiers. Letters following the concentration value are data 
validation qualifiers. ' 

(bl Concentrations for all four quarters are listed if analyte was detected during one or more quarters. A "U" qualifier 
indicates the analyte was not detected at the concentration. 

GW-C24 916055.08 



Analyta 

lnorganics 

Aluminum 

Barium 

Beryllium 

Boron 

Calcium 

Total Chromium 

TABLE GW-C25 

ANAL YTES DETECTED IN GROUNDWATER SAMPLES 
COLLECTED FROM ONSITE WELL STM-3A (1780) 

Concentration (pg/L)ca.111 

1st Quarter 2nd Quarter 3rd Quarter 
(April 199; ) (July/August 1991) (Oct/Nov 1991 I 

B 91.3 UJ u 33 u 19 B 

B 12 B 26.1 B 25.2 UJ B 

u 1.1 u 1 u 1 B 

Not Analyzed 616 B 395 

37,600 79,600 61,700 

B 4.1 u 5 u 4 

4th Quarter 
(January 1992) 

88.4 

16.8 

2.3 

369 

45,200 

14.8 UJ 

(al Letter preceding the concentration value are laboratory qualifiers. Letters following the concentration value are data 
validation qualifiers. 

(b) Concentrations for all four quarters are listed if analyte was detected during one or more quarters. A •u• qualifier 
indicates the analyte was not detected at the concentration. 
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Analyte 

In organics 

Aluminum 

Barium 

Beryllium 

Boron 

Calcium 

Total Chromium 

Iron 

Lead 

Magnesium 

Manganese 

Potassium 

Sodium 

Vanadium 

Zinc 

voes 

Methylene Chloride 

TABLE GW-C26 

ANALYTES DETECTED IN GROUNDWATER SAMPLES 
COLLECTED FROM ONSITE WELL STM-4A (1781) 

Concentration (pg/L) la.bl 

1st Quarter 2nd Ouarter 3rd Quarter 
(April 1991 ) !July/August 1991) (Oct/Nov 1991) 

B 78.4 UJ u 33 u 19 B 

B 8.3 B 6 J4 B 9.8 UJ B 

u 1.1 u 1 u 1 B 

Not Analyzed 516 B 446 

22,600 25,500 26,100 

B 4.5 u 5 u 4 

140 UJ u 12 UJ B 36.8 UJ 

B 2.2 UJ B 1.2 3.2 UJ u 

15,400 17,000 17,800 

B 7.2 UJ B 3 J4 u 1 B 

B 1,780 UJ B 1,950 B 1,880 B 

11,100 J4 12,000 19,900 UJ 

u 3.3 u 6 u 4 B 

473 134 56.7 

B 5 UJ J 4 UJ J 6 u 

4th Quarter 
!January 19921 

37 

8.1 UJ 

1.3 

468 

24,100 

19.8 UJ 

105 

1 UJ 

16,500 

4 

2,320 UJ 

19,100 

4.8 

31.1 

10 

(a) Letter preceding the concentration value are laboratory qualifiers. Letters following the concentration value are data 
validation qualifiers. . 

(bl Concentrations for all four quarters are listed if analyte was detected during one or more quarters. A "U" qualifier 
indicates the analyte was not detected at the concentration. 
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TABLE GW-C27 

ANALYTES DETECTED IN GROUNDWATER SAMPLES 
COLLECTED FROM BACKGROUND WELL CBS-SA (1765) 

Concentration l,,g/LJ1-.bl 

Analyta 2nd Quarter 4th Quarter 
(July/August 19911 (Jmuary 19921 

lnorganlcs 

Boron 44 B 36.7 UJ 

Calcium 10,200 9,490 

Iron B 13.6 J4 B 36.3 UJ 

Lead B 1.4 B 1 J4 

Magnesium 6,440 6,630 

Potassium B 1,080 B 1,140 

Sodium 5,190 5,190 

(a) Letter preceding the concentration value are laboratory qualifiers. Letters following the concentration value are data 
validation qualifiers. 

(bl Concentrations for second and fourth quarters are listed if analyte was detected during at least one quarter. A •u• ( 
qualifier indicates the analyte was not detected at the concentration. 

. 
( 
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TABLE GW-C28 

ANALYTES DETECTED IN GROUNDWATER SAMPLES 
COLLECTED FROM BACKGROUND WELL CBS-9A (1769) 

Concentration (pg/L)1•·b1 

Analyte 2nd Quarter 4th Quarter 
(July/August 1991) (January 1992) 

lnorganics 

Arsenic B 9 B 8.7 

Barium B 20.2 B 17.2 UJ 

Boron 184 182 

Calcium 39,100 36,500 

Cobalt B 5.9 u 3 

Iron 27,100 24,800 

Lead B 1 B 1.1 J4 

Magnesium 9,490 9,130 

Manganese 891 834 

Potassium B 2,650 B 2,320 

Sodium 18,100 16,400 

Vanadium u 6 B 4.1 

(a) Letter preceding the concentration value are laboratory qualifiers. Letters following the concentration value are data 
validation qualifiers. 

(b) Concentrations for second and fourth quarters are listed if analyte was detected during at least one quarter. A "U" 
qualifier indicates the analyte was not detected at the concentration. 
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TABLE GW-C29 

ANALYTES DETECTED IN GROUNDWATER SAMPLES 
COLLECTED FROM BACKGROUND WELL 89.7-P1 (1782) 

Concentration (pgll.)1-.bl 

Analyte 2nd Quart• 4th Quarter 
(July/August 1991) (January 1992) 

lnorganics 

Aluminum 1,820 B 34.3 

Barium B 58.5 B 159 

Boron B 29.8 B 75.4 

Calcium 45,000 78,300 

Copper 13.8 B 1.8 UJ 

Iron 3,560 B 84.2 

Magnesium 35,100 48,300 

Manganese 541 896 

Potassium B 4,680 8,280 

Sodium 70,700 514,000 

Thallium B 2.2 u 1 

Vanadium B 8.2 u 4 

Zinc 29.1 B 8.5 UJ 

(al Letter preceding the concentration value are laboratory qualifiers. Letters following the concentration value are data 
validation qualifiers. 

(bl Concentrations for second and fourth quarters are listed if analyte was detected during at least one quarter. A "U" 
qualifier indicates the analyte was not detected at the concentration. 

GW-C29 916055.08 



TABLE GW-C30 

ANALYTES DETECTED IN GROUNDWATER SAMPLES 
COLLECTED FROM BACKGROUND WELL TL-16A (1783) 

Concentration (pg/LJ1•·b1 

Analyte 
2nd Quarter 4th Quarter 

(July/August 1991) (January 1992) 

lnorganlcs 

Aluminum 2,400 10,500 

Arsenic B 3.2 UJ B 6.1 

Barium B 34.5 B 75.6 

Boron u 19 B 13 

Calcium 17,900 22,600 

Total Chromium B 9.2 J4 41.1 UJ 

Cobalt B 6.4 B 16.1 

Copper 44.7 112 

Iron 7,240 28,800 

Lead 16.9 UJ 33.4 J4 

Magnesium 13,600 19,200 

Manganese 137 491 

Potassium B 2,230 B 2,660 

Sodium 6,600 9,170 

Vanadium B 12.1 B 36.5 

Zinc 78.3 170 

PAHs 

Naphthalene J 0.12 u 0.5 

voes 
Toluene J 2 u 10 

Semivolatiles 

bis(2-Ethylhexyl)phthalate u 10 J 5 

(a) Letter preceding the concentration value are laboratory qualifiers. Letters following the concentration value are data 
validation qualifiers. 

(b) Concentrations for second and fourth quarters are listed if analyte was detected during at least one quarter. A "U" 
qualifier indicates the analyte was not detected at the concentration. 
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TABLE GW-C31 

ANAL YTES DETECTED IN GROUNDWATER SAMPLES 
COLLECTED FROM BACKGROUND WELL WCC-2 (1784) 

Concentration (µg/L)1•·b1 

Analyte 2nd Quarter 4th Quarter 
(July/August 1991) (January 1992) 

lnorganics 

Aluminum B 94 B 31.6 

Barium B 18.4 B 11.8 UJ 

Boron B 35.7 B 51.7 

Calcium 16,400 15,500 

Iron 180 B 79.9 

Magnesium 7,730 6,900 

Manganese 70.4 B 4.1 

Potassium B 2,300 B 2,470 

Sodium 7,340 7,300 

voes 

Acetone J 3 u 10 

Trichloroethene J 5 J 5 

(a} Letter preceding the concentration value are laboratory qualifiers. Letters following the concentration value are data 
validation qualifiers. 

(bl Concentrations for second and fourth quarters are listed if analyte was detected during at least one quarter. A "U" 
qualifier indicates the analyte was not detected at the concentration. 
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TABLE GW-C32 

ANAL YTES DETECTED IN GROUNDWATER SAMPLES 
COLLECTED FROM UPGRADIENT WELL CBS-10A (1770) 

Concentration (pg/L)1•·b1 

Analyte 2nd Quarter 4th Quarter 
(July/August 1991) (January 1992) 

In organics 

Aluminum 28,800 280 UJ 

Arsenic B 7.8 u 1 

Barium 282 B 11.8 UJ 

Boron 89.8 118 

Calcium 56,100 30,300 

Total Chromium 48.5 u 7 

Cobalt B 46.2 u 3 

Copper 80. 1 J4 B 1 .2 UJ 

Iron 45,900 381 

Lead 42 B 1 .2 J4 

Magnesium 24,300 10,500 

Manganese 3,160 20.7 

Nickel 152 B 9.8 UJ 

Potassium B 4,340 B 1,480 

Sodium 15,800 17,000 

Vanadium 78 u 4 

Zinc 429 B 11.5 UJ 

voes 
Toluene J 2 u 10 

(al Letter preceding the concentration value are laboratory qualifiers. Letters following the concentration value are data 
validation qualifiers. 

(bl Concentrations for second and fourth quarters are listed if analyte was detected during at least one quarter. A •u• 
qualifier indicates the analyte was not detected at the concentration. 
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TABLE GW-C33 

ANALYTES DETECTED IN GROUNDWATER SAMPLES 
COLLECTED FROM UPGRADIENT WELL TL-12A (1785) 

Concentration (pg/L)1•·b1 

Analyta 2nd Quarter 4th Quarter 
(July/August 1991 J (January 1992) 

In organics 

Aluminum u 33 B 21.7 

Antimony B 24.2 J4 u 11 

Barium B 16.8 B 10.9 UJ 

Calcium 47,300 31,900 

Total Chromium B 5.6 J4 10.8 UJ 

Iron 162 134 

Magnesium 32,500 22,800 

Manganese 151 190 

Potassium B 1,750 B 1,530 UJ 

Sodium 10,500 9,110 

Zinc B 15.3 20.5 

voes 

Vinyl Chloride J 2 u 10 

1 , 1-Dichloroethane 28 27 

1,2-Dichloroethene (total) u 37 26 

1,2-Dichloroethane 13 12 

1, 1, 1-Trichloroethane J 3 J 3 

1,2-Dichloropropane J 1 u 10 

Trichloroethene J 7 J 7 

Tetrachloroethene J 1 u 10 

Semivolatiles 

Di-n-butylphthalate u 10 J 0.6 

bis(2-Ethylhexyl)phthalate 20 20 

(a) Letter preceding the concentration value are laboratory qualifiers. Letters following the concentration value are data 
validation qualifiers. 

(bl Concentrations for second and fourth quarters are listed if analyte was detected during at least one quarter. A •u• 
qualifier indicates the analyte was not detected at the concentration. 

( 

. 
l 
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TABLE GW-C34 

ANALYTES DETECTED IN GROUNDWATER SAMPLES 
COLLECTED FROM UPGRADIENT WELL TL-13A (1786) 

Concentration (pg/L)1•·b' 

Analyte 2nd Quarter 4th Quarter 
(July/August 1991) (January 1992) 

lnorganics 

Aluminum· B 124 B 34.3 

Barium B 5.6 B 10.4 UJ 

Calcium 8,910 18,500 

Copper 6 B 5.6 UJ 

Iron 342 398 

Lead 7.9 J4 u 1 UJ 

Magnesium 5,780 11,900 

Manganese 58.7 273 

Sodium 5,640 7,590 

Thallium B 3 u 1 

voes 
1, 1-Dichloroethane u 10 J 3 

(al Letter preceding the concentration value are laboratory qualifiers. Letters following the concentration value are data 
validation qualifiers. 

(bl Concentrations for second and fourth quarters are listed if analyte was detected during at least one quarter. A "U" 
qualifier indicates the analyte was not detected at the concentration. 
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TABLE GW-C35 

ANAL YTES DETECTED IN GROUNDWATER SAMPLES 
COLLECTED FROM UPGRADIENT WELL TL-14A (1787) 

Concentration (pg/L)1•·b1 

Analyte 2nd Quarter 4th Quarter 
(July/August 1991) (January 1992) 

lnorganics 

Barium B 7.2 B 5.6 UJ 

Boron B 20.5 B 17.2 

Calcium 24,300 19,700 

Iron B 66.4 UJ 135 

Magnesium 9,900 7,990 

Manganese B 2.6 UJ B 5.9 

Sodium 7,640 6,970 

Zinc B 4.5 B 5.4 UJ 

(al Letter preceding the concentration value are laboratory qualifiers. Letters following the concentration value are data 
validation qualifiers. 

(bl Concentrations for second and fourth quarters are listed if analyte was detected during at least one quarter. A "U" 
qualifier indicates the analyte was not detected at the concentration. 
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TABLE GW-C36 

ANALVTES DETECTED IN GROUNDWATER SAMPLES 
COLLECTED FROM UPGRADIENT WELL TL-23A (1788) 

Concentration (pg/L)1•·b1 

Analyte 2nd Quarter , 4th Quarter 
(July/August 1991) (January 1992) 

lnorganics 

Aluminum· B 74.5 229 

Antimony u 20 UJ B 14.4 

Arsenic u 2 16.7 

Barium B 24.8 B 45.7 

Boron B 21.7 B 21.1 

Calcium 34,700 32,200 

Cobalt B 6 B 5 

Copper u 1 B 15.5 

Iron 1,940 61,900 

Lead B 2.3 J4 u 1 UJ 

·Magnesium 15,000 13,900 

Manganese 1,310 1,430 

Potassium B 2,440 B 2,770 

Sodium 27,400 41,500 

PAHs 

Anthracene J 0.048 u 0.05 

(al Letter preceding the concentration value are laboratory qualifiers. Letters following the concentration value are data 
validation qualifiers. 

(bl Concentrations for second and fourth quarters are listed if analyte was detected during at least one quarter. A "U" 
qualifier indicates the analyte was not detected at the concentration. 
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SIEVE ANALYSIS DATA 

WELL: NMW-58 

Depth collected (ft BGS) = 113.5-115 

Weight of sample (g) = 617 .2 

Sieve Openlnga- Weight 

Sieve Retained 

MuhNo.111 11n, lmmt Caramel 

2.95 75.0 0.0 

1.48 37.5 0.0 

0.748 19.00 12.5 

0.374 9.50 110.3 

4 0.187 4.75 87.3 

8 0.093 2.38 48.5 

30 0.024 0.800 185.3 

50 0.012 0.300 123.2 

100 0.008 0.150 44.8 

200 0.003 0.075 18.7 

Passed 200-Muh Sieve 10.1 

Total 598.7 

lat U.S. standard sieve sizes. 
(b) NA - Not applicable. 

Percent cumulative 
Retained Percent 

1%1 , ... 1na 1%1 

0.0 100.0 

0.0 100.0 

2.1 97.9 

18.5 79.4 

11.3 88.1 

7.8 80.3 

27.7 32.8 

20.8 12.0 

7.5 4.5 

2.8 1.7 

1.7 -
100.0 NAlbl 
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SIEVE ANALYSIS DATA 

WELL: NMW-5C 

Depth collected (ft BGS) = 180-200 (Composite) 

Weight of sample (g) = 2, 103 

Slew Openinp 

Siew 
MuhNo.tal Cini 

2.95 

1.48 

0.748 

0.374 

4 0.187 

8 0.093 

30 0.024 

50 0.012 

100 0.008 

200 0.003 

Passed 200-Mesh Sieve 

Total 

(a) U.S. standard lieve sizes. 
(b) NA - Not applicable. 

(mml 

75.0 

37.5 

19.00 

9.50 

4.75 

2.38 

0.800 

0.300 

0.150 

0.075 

Weight Percent 
Retained Retained 
lararnat 1%1 

322.5 15.3 

838.0 39.8 

434.1 20.7 

205.5 9.8 

109.2 5.2 

53.2 2.5 

123.0 5.9 

12.4 0.8 

3.8 0.2 

1.8 0.1 

0.2 o.o 

2,101.5 100.0 

Cumulative 
Percent 

PM8lng (%1 

84.7 

44.9 

24.2 

14.4 

9.2 

8.7 

0.9 

0.3 

0.1 

0.0 

-
NAlbl 
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SIEVE ANALYSIS DATA 

WELL: NMW-6A 

Depth collected (ft BGS) = 25-30 (Composite) 

Weight of sample (g) = 100 

..... Openings· 

Slew 
MNhNo ... 1 lint 

2.95 

1.48 

0.748 

0.374 

4 0.187 

8 0.093 

30 0.024 

50 0.012 

100 0.008 

200 0.003 

Passed 200-Mesh Sieve 

Total 

(a) U.S. standard sieve sizes. 
(b) NA - Not applicable. 

lmmt 

75.0 

37.5 

19.00 

9.50 

4.75 

2.36 

0.600 

0.300 

0.150 

0.075 

Weight 
Retained 
lgramet 

0.0 

0.0 

0.0 

o.o 
1.0 

1.1 

34.9 

49.2 

12.2 

2.5 

1.1 

102.0 

Percent Cumuledve 
Retained Percent 

IIJ6t Pualng IIJ6t 

0.0 100.0 

o.o 100.0 

0.0 100.0 

0.0 100.0 

1.0 99.0 

1.1 97.9 

34.2 83.7 

48.2 15.5 

12.0 3.5 

2.5 1. 1 

1. 1 -
100.0 NA1111 
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SIEVE ANALYSIS DATA 

WELL: NMW-7 A 

Depth collected {ft BGS) = 30-35 (Composite) 

Weight of sample (g) = 100 

Sieve Openlnge· 

Sieve 
M•hNo.lal llnJ 

2.95 

1.48 

0.748 

0.374 

4 0.187 

8 0.093 

30 0.024 

50 0.012 

100 0.008 

200 0.003 

Pa88ed 200-Meah Sieve 

Total 

(a) U.S. standard sieve sizes. 
(b) NA - Not applicable. 

(nimJ 

75.0 

37.5 

19.00 

9.50 

4.75 

2.38 

0.800 

0.300 

0.150 

0.075 

Weight 
Retained 
(grameJ 

o.o 
0.0 

0.0 

0.0 

0.0 

0.7 

2.7 

80.4 

14.3 

2.4 

1.4 

101.9 

Percent Cumulative 
Retained Percent 

(CJ(,J , .. 1n, (CJ(,J 

0.0 100.0 

o.o 100.0 

0.0 100.0 

0.0 100.0 

0.0 100.0 

0.7 99.3 

2.8 98.7 

78.9 17.8 

14.0 3.7 

2.4 1.4 

1.4 0.0 

100.0 NAlbl 
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EXECUTIVE SUMMARY 

This report addresses the objectives, investigative activities, findings, and 

conclusions of the Hydraulic Characterization Investigation performed at the South 

Tacoma Field (STF) site. The_ Hydraulic Characterization Investigation was 

performed as a part of an ongoing remedial investigation and feasibility study 

(RI/FS) at the STF site. Activities described herein were performed in accordance 

with the Final Work Plan (ICF 1990b), which established the level of effort required 

by the U.S. Environmental Protection Agency (EPA) to complete the RI/FS. 

PURPOSE AND INVESTIGATIVE ACTtONS 

-The purpose of the Hydraulic Characterization Investigation was to evaluate 

selected hydraulic characteristics of subsurface water producing units at the STF 

site. The primary objectives for this investigation were to: 

• Evaluate the range of aquifer parameters (tr~nsmissivity, hydraulic con

ductivity, storafivity) within three separate aquifer zones at the site through 

performance of aquifer tests and slug tests 

• Evaluate potential inter-aquifer communication between the shallow (upper

most) groundwater zone and the lower-lying zones of saturation through 

performance of an aquifer test at an offsite production well 

• Evaluate seasonal fluctuations in the hydraulic gradient within the 

uppermost zone, Layer A, at the site through monthly water level 

monitoring. 
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The following task were completed during this investigation: 

• Monitored monthly water level in 30 monitoring wells for 1 2 consecutive 

months 

• Conducted two aquifer pumping tests in shallow onsite wells 

• Conducted slug tests at 1 6 wells across the site 

• Monitored water levels in onsite wells during the performance of an aquifer 

test at an adjacent offsite production well. 

SUMMARY OF STRATIGRAPHIC UNITS 

Three glacial and two interglacial climatic episodes are represented by units 

underlying the site. The episodes represented are the Vashon Glaciation, Olympia 

lnterglaciation, Narrows Glaci~tion, Kitsap lnterglaciation, and Flett Creek 

Glaciation. The units representing these episodes fr.om youngest (i.e., shallowest) 

to oldest (i.e., deepest) ·are the Vashon Drift, Discovery nonglacial unit, Narrows 

glacial unit, Kitsap Formation, and Flett Creek glacial unit. The following four 

hydrostratigraphic layers identified at the STF site are composed of members of the 

five units (Brown and Caldwell 1985): 

• Layer A 

• Layer A1 

• Layer B 

• Layer C. 
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Groundwater was encountered in two zones of saturation (Layer A and Layer C) in 

the first 200 feet of subsurface material encountered as part of the STF Phase I 

Groundwater Investigation (Kennedy/Jenks Consultants 1992a). The hydrostrati

graphic layers, the sequence in which they were encountered, and their correlation 

to lithologic units identified in central Pierce County are summarized in Table 

HC-ES1. 

TABLE HC-ES 1 

SUMMARY OF HYDROSTRATIGRAPHIC LAYERS 

Hydrostratigraphic Unit Thickness 
Layer Unit Designation (tt)•·· Soil Description 

Layer A (Upper) Vashon Drift 62-101 Poorly graded sand 
(Colvos Sand Member) with silt and gravel. 

Layer A, Discovery Nonglacial Unit 0-33 Clay, silt and sand. 
Narrows Glacial Unit 6-12.5 Silt. 

Layer A (Lower) Narrows -Glacial Unit 59-67.5 Gravel. 

Layer B Kitsap Formation 2-15 Silt and clay. 

Layer C Fleet Creek Glacial Unit 1oolbl Cobbles and gravel. 

(a) Unit thicknesses are based on field observations made during the STF Phase I Groundwater 
Investigation (Kennedy/Jenks Consultants 1992a). 

(bl Layer C was penetrated approximately 25 feet during the STF Phase I Groundwater 
Investigation. 

These hydrostratigraphic layers appear to be laterally continuous in the vicinity of 

the investigation area, with the exception of Layer A 1 • According to Brown and 

Caldwell (1985), Layer A, appears to pinch out east of the site. Based on the STF 

Phase I Groundwater Investigation, Layer A, appears to thin out in the northern 

portion of the site at well NMW-5C. Layer B appears to be laterally continuous in 

the vicinity of the site. However, it is much thinner in the South Tacoma Channel 

than observed elsewhere. Layer B typically ranges in thickness from 50 to 150 feet 

in the Chambers/Clover Creek drainage area (Brown and Caldwell 1985). At the 
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STF site, Layer B was observed to range in thickness from 2 feet at Well NMW-3C 

to approximately 1 5 feet at Well NMW-5C. Layer C is also laterally continuous in 

the vicinity of the site and reportedly ranges in thickness from 50 to 1 80 feet 

(Brown and Caldwell 1985). 

Layer A has been divided into an upper portion (Upper Layer A, which is uncon

fined) and a lower portion (Lower Layer A, which is likely semi-confined to con

fined). The two portions of Layer A are separated by Layer A 1• Layer B is a 

confining layer and separates Lower Layer A from the underlying Layer C, which 

forms the next water-bearing zone. Groundwater in Layer C occurs under confined 

conditions. 

INVESTIGATION RESULTS 

Results are presented for each task of the Hydraulic Characterization Investigation. 

Water Level Monitoring 

Available information indicates that the STF site lies in the vicinity of a regional 

groundwater mound of the uppermost aquifer, which is oblong in shape and 

oriented north-south (Griffin et al. 1962; Brown and Caldwell 1985). The axis of 

the mound forms a regional groundwater divide and the presumed direction of 

groundwater flow is east on the east side of the mound and west on the west side 

of the mound. The mound is likely caused by convergence of groundwater flow 

from north and south of the South Tacoma Channel and significant recharge of 

surface water. In the central portions of the mound, the direction of the hydraulic 

gradient is toward the north to northeast. 

Results of monthly water level monitoring at the STF site (over a 1-year period) 

indicate that the predominant direction of the hydraulic gradient in Upper Layer A, 
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and presumed direction of shallow groundwater flow, is toward the north to 

northwest. The magnitude of the hydraulic gradient fluctuated both spatially and 

seasonally from 0.0004 to 0.001 ft/ft. Observed spatial variations included a steep 

dip in the hydraulic gradient in the southwestern portion of the site that trends to 

the southwest and a small groundwater mound in the vicinity of the Amsted 

property. The source of the mound is unknown. Water level monitoring indicates 

that the hydraulic gradient in Layer C is also toward the north at the STF site. 

Pumping of shallow groundwater (Upper Layer A) by municipal wells to the east of 

the site has a significant impact on the direction of groundwater flow at the STF 

site. During the summer months, a cone of depression extended from the pumping 

wells to beyond the western property boundary of the site. As a result of pumping, 

the hydraulic gradient on the eastern side of the Tacoma Landfill investigation area 

(west of the STF site) is reversed. 

There is a net downward vertical gradient from Upper Layer A to Lower Layer A. 

The head differential between these two zones of saturation ranged from a mini

mum of 0.51 feet at Well Cluster NMW-3 in the wet season to maximum of 39.39 

feet in Well Cluster NMW-5 during the dry season. A net downward vertical 

gradient exists between -Lower Layer A and Layer C. This head differential ranged 

from 0.27 feet in Well Cluster NMW-3 during the wet season to 27 .87 feet in Well 

Cluster NMW-5 during the dry season. The exaggerated head differences during 

the summer months is a result of pumping of municipal wells installed in Layer C in 

the vicinity of the site. 

Aquifer Pumping Tests and Slug Tests 

Based on the results of the two aquifer pumping tests performed in Upper Layer A, 

transmissivity values ranged from 67 ,000 gpd/ft to 71,000 gpd/ft at Wells 

NMW-4A and NMW-3A, respectively. The specific yield for the Upper Layer A 
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ranged from 0.001 to 0.03. The estimated seepage velocity ranged from 

60 feet/year to 1 50 feet/year. 

Based on slug test results, transmissivity values were one to two orders of magni

tude less than those values calculated through performance of aquifer tests. The 

anomalously low transmissivity values calculated through slug tests may be 

attributed to the high hydraulic conductivity of the formation and that slug tests 

may only test the filter pack of the well. 

Inter-Aquifer Communication 

Statistical analysis of monthly groundwater level monitoring data was inconclusive 

in identifying areas of enhanced leakage from Upper Layer A to the lower-lying 

· zones. Based on visual examination of water level monitoring hydrographs, 

significant head fluctuations occurred in Lower Layer A (Wells NMW-3B and 

NMW-5B) during seasonal groundwater removal in Layer C. This observation 

indicates communication between the two zones of saturation (i.e., Lower Layer A 

and Layer C). Based on visual examination, it appe~rs that communication between 

the two zones (Lower Layer A and Layer C) was greater in the south at Well NMW-

3C, and less in the northern portion of the site at Well NMW-5C. This observation 

corresponds with lithologic conditions that indicate Layer B is approximately 2 feet 

thick at Well NMW-3C and 1 5 feet thick at Well NMW-5C. Hydrographs also 

indicate minimal head fluctuation between Upper Layer A and Lower Layer A, 

indicating limited, if any, communication between the two zones of saturation. 

Lithologic information indicates that Layer A 1 is approximately 37 feet thick at Well 

Cluster NMW-3 and 6 feet thick at Well Cluster NMW-5. Although quantification of 

the vertical conductivity of Layer A 1 is not possible with available information, 

lithologic information and the water level monitoring data indicate that this unit is 

an effective confining layer between Upper Layer A and the lower-lying zones. 
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Analysis of aquifer test data from Well TAC 1A indicate leakage from Lower Layer 

A to Layer C in the vicinity of Well Clusters NMW-3 and TAC 89.5. Estimates of 

vertical conductivity for Layer Bat these two locations ranged from 1.34 E-03 

feet/day to 4.44 E-04 feet/day, respectively. These conductivity values are 

approximately six to seven orders of magnitude lower than conductivity values 

calculated for Layer C. Test results for Well Cluster NMW-5 were influenced from 

operation of heat pump wells at Tacoma Public Utilities and cannot be used to 

estimate possible leakage in the northern portion of the STF site. 
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1 .0 INTRODUCTION 

This report presents findings of the South Tacoma Field (STF) Remedial 

Investigation (RI). The STF Superfund site is located within a physiographic 

subprovince of the northwestern United States known as the Puget Sound Lowland 

(Figure G-1 ). More specifically, the STF site is located in the southwestern portion 

of the City of Tacoma, Washington, on an industrial property approximately 260 

acres in size (Figure G-2). Currently, the STF site is largely vacant with some 

remnant structures and recently constructed industrial and commercial buildings. 

On 23 November 1981, the U.S. Environmental Protection Agency (EPA) published 

an "interim priority list" of 115 hazardous waste sites targeted for action under the 

Comprehensive Environmental Response, Compensation, and Liability Act of 1980 

(CERCLA). This list included the Commencement Bay site in Tacoma. When the 

final list of the nation's top 418 sites was published [the National Priorities List 

(NPL)], the Commencement Bay site was listed as two separate sites: 1) Com

mencement Bay - Nearshore/Tideflats and 2) Commencement Bay - South Tacoma 

Channel. In 1983, the Commencement Bay - South Tacoma Channel site was 

divided into three Operable Units; South Tacoma Field (STF), Tacoma, Landfill, and 

Tacoma Well 12A. 

On 12 October 1990, EPA and the potentially responsible parties (PRPs) signed an 

Administrative Order on Consent (Consent Order) for the STF site. The Consent 

Order, among other requirements, directed that a remedial investigation be 

conducted to determine the nature and extent of environmental contamination at 

the STF site. 

The Consent Order cites the Final Work Plan, which establishes the level of effort 

required by EPA to complete a Remedial Investigation/Feasibility Study (RI/FS) at 

the STF site. The Final Work Plan was prepared for EPA by ICF Technology, Inc. 
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(ICF 1990b). Kennedy/Jenks Consultants was retained by the PRPs to conduct the 

RI/FS in accordance with the Final Work Plan, Revision 1, dated September 1990 

(ICF 1990b). 

The RI is composed of discrete investigations of surface soil, subsurface soil, 

groundwater, surface water, sediment, and blackberries. A wetland delineation and 

endangered plant species survey, dispersion air modeling, soil gas survey, geo

physical survey, and hydraulic characterization were also discrete components of 

the STF RI. Results of each of these investigations are presented separately as 

appendices (Volumes 2-6) to this RI Report. This RI Report (Volume 1) presents a 

synthesis of the findings of these investigations. In addition, a Subsurface Target 

Confirmation Investigation was conducted based on the results of the Geophysical 

Survey. Results of this subsurface target investigation will be prepared as an 

addendum to the RI Report and submitted in January 1993. 

1.1 PURPOSE OF INVESTIGATION 

The purpose of the Hydraulic Characterization Investigation was to evaluate 

selected hydraulic characteristics of subsurface water producing units at the STF 

site. The primary objectives for this investigation were to: 

• Evaluate the range of aquifer parameters (transmissivity, hydraulic con

ductivity, storativity) within three separate aquifer zones at the site through 

performance of aquifer tests and slug tests 

• Evaluate potential inter-aquifer communication between the shallow (upper

most) groundwater zone and the lower-lying zones of saturation through 

performance of an aquifer test at an offsite production well 

RI APPENDIX HC 

FINAL REPORT HC1-2 916055.09 



• Evaluate seasonal fluctuations in the hydraulic gradient within the 

uppermost zone, Layer A, at the site through monthly water level 

monitoring. 

The following task were completed during this investigation: 

• Monitored monthly water level in 30 monitoring wells for 1 2 consecutive 

months 

• Conducted two aquifer pumping tests in shallow onsite wells 

• Conducted slug tests at 1 6 wells across the site 

• Monitored water levels in onsite wells during the performance of an aquifer 

test at an adjacent offsite production well. 

The information obtained during this investigation was used to estimate the rate 

and direction of groundwater movement and may be used to help evaluate potential 

remedial alternatives. 

1.2 REPORT ORGANIZATION 

This report has been prepared in accordance with the EPA's (1988) Guidance for 

Conducting Remedial Investigations and Feasibility Studies under CERCLA. The 

remaining sections of this report are summarized below: 

• Section 1.0 concludes with a summary of the site background, current land 

use, climate, and a discussion of geology and hydrostratigraphy. 
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• Section 2.0 summarizes the hydraulic investigative methods used during 

this investigation, including a description of the aquifer pumping tests, slug 

tests, and monthly water level monitoring. 

· • Section 3.0 summarizes the investigative results. 

• Section 4.0 summarizes the findings and provides conclusions regarding 

the hydraulic characteristics of the aquifers that underlie the STF site and 

their interrelationships. 

• Section 5.0 includes references for documents cited and used in the 

preparation of this report. 

In addition, the Hydraulic Characterization Investigation Report includes the 

following appendices: 

• Appendix HC-A 

• Appendix HC-8 -

• Appendix HC-C 

• Appendix HC-D 

• Appendix HC-E 

• Appendix HC-F 
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Quarterly Water Level Monitoring Data for the Tacoma 

Landfill 

Well NMW-3A and Well NMW-4A Pump Test 

Barometric Pressure and Precipitation Data 

Hydrographs of Monthly Water Levels in Monitoring 

Wells 

Aquifer Pumping Test Data Analysis for Wells 

NMW-3A and NMW-4A 

Slug Tests Data Analysis 

Hydrographs of Water Levels in Wells Monitored 

During TAC 1A Aquifer Pumping Test 
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• Appendix HC-G 

1.3 SITE BACKGROUND 

TAC 1A Aquifer Pumping Test Data Analysis of Wells 

NMW-3C, NMW-5C, and TAC 89.5. 

This section presents a brief site description and history. More detailed infor

mation is provided in the Site Background Summary (ICF 1990a) and in the Final 

Work Plan prepared for the STF site (ICF 1990b). 

1.3.1 Site Descripti~n 

The STF site is located on the floor of a topographic lowland area referred to as the 

South Tacoma Channel, which is as much as 150 feet lower than the surrounding 

uplands. The site, once covered with industrial structures, is now mostly open 

fields of grass with six industrial and commercial facilities. Surface water is 

sometimes present in the western portion of the site, but no creeks, streams, or 

rivers currently pass through the site. The source ~f surface water is rainfall, 

overland flow, and storm drain runon. In general, this water does not leave the site 

but infiltrates or dissipates through evapotranspiration. However, runoff has been 

observed during high intensity, long duration storm events. Runoff, if any, leaves 

the site through a drainage ditch at the southern end of the site. Water in this ditch 

then flows into the 56th Street storm drain. 

1.3.2 Site History 

This discussion of historical activities at the STF site is based on material contained 

in the Site Background Summary Report (ICF 1990a). A more complete description 

of STF site history is available in the Site Background Summary Report (ICF 1990a), 
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along with references to other documents that provide additional information on 

historical site use. 

The STF site has been used for a variety of industrial purposes for approximately 

100 years. Locations where various activities have taken place at the site are 

shown in Figure HC-1 . Areas where industrial activities occurred are briefly 

discussed in the following paragraphs. 

The South Tacoma Car Shops area operated as a manufacturing and repair facility 

from 1892 until 1974. The area was used for manufacturing, repair, and mainte

nance of railroad equipment. 

The BNR Dismantling Yard was located in the northern portion of the Car Shops 

area. Cars were cleaned out in this area. 

Foundry facilities operated onsite from 1890 through 1980. An iron foundry 

produced iron wheels until 195 7. A brass foundry produced journal bearings 

composed primarily of lead, tin, copper, zinc, and antimony until 1980. 

The South Tacoma Airport operated from 1936 to 1973. Aircraft maintenance and 

refueling operations were performed at this location during those years. A lake was 

located beyond the south end of the former runway and, in the late 1940s, was 

used by seaplanes. 

Reportedly, a variety of filling activities has occurred during the history of the site. 

Foundry, construction, and domestic wastes reportedly were disposed of as fill 

material in the Former Swamp/Lakebed area (ICF 1990a). Actual records of fill 

materials and volumes could not be obtained. 

Tacoma City Light operations are located at the north end of the site. Repair, 

maintenance, and distribution of electric and water service equipment have 

occurred at the Tacoma City Light site since 1953. 
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1.4 CURRENT SITE USE 

Much of the STF site is currently undeveloped and is covered with field grass, 

blackberry bushes, shrubs, and a few trees. Concrete rubble, old foundations, and 

trash are apparent in some areas. A portion of the STF site is currently used for 

light industrial and commercial operations. Some businesses operate from facilities 

previously used in association with the foundries and the railyards, while other 

manufacturers have constructed new facilities. Information in this section has been 

prepared using the Site Background Summary Report UCF 1990a). A map of 

businesses currently operating on the STF site is presented in Figure HC-2. 

Tacoma Public Utilities (Tacoma City Light) provides electrical service and drinking 

water to Tacoma residents and businesses, and has operated from the northern

most end of the STF site since 1953. Tacoma Public Utilities uses its facility for 

· maintenance and repair of equipment, as a storage and distribution center for 

electrical and water supply system components, and as an administration center. 

The Tacoma City Light property is covered with asphalt pavement and buildings. 

Stormwater runoff drains to modified dry wells that have soil bottoms and intercon

necting piping leading to the City of Tacoma's storm drainage system. Some of the 

dry wells have been plugged with bentonite to prevent surface water infiltration. 

The Tacoma City Light property has used four underground tanks and three 

aboveground tanks that are used to store automotive fuel, waste oil, and new, 

used, and waste mineral oil. Three of the underground tanks, which had contained 

leaded and unleaded gasoline, and diesel fuel, were removed in September 1992. 

The other underground tank, which had contained waste oil, were removed in 

September 1992 (Post, R., 20 February and 4 June 1992, and 10 January 1993 

personal communication). Clean closures were achieved for all four of the removed 

underground tanks. The three aboveground tanks, which contain mineral oil, are 

located in enclosed areas with complete secondary containment. 
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Tacoma City Light stores electrical equipment, including approximately 3,500 new 

and used transformers. Some of the transformers contained or have previously 

contained polychlorinated biphenyls (PCBs). PCB contamination of Tacoma City 

Light soil has been documented by Black & Veatch (1983) and by Hart-Crowser 

(1989). 

Tacoma Industrial Properties '(TIP) Management Inc.- owns property in the central 

portion of the STF site, which is the site of a former iron foundry. TIP uses the 

area for a variety of industrial purposes. Three businesses operate on TIP property: 

KML Corporation, Savage Industries, and Northwest Welding and Fabrication. KML 

Corporation has operated in the old iron foundry building since 1986. KML 

laminates films onto particle board for the construction of cabinets and interior 

partitions. Savage Industries has used a former wood patterns and vaults building 

since the early 1970s to manufacture wood picture frames. Northwest Welding 

and Fabrication has operated at TIP since 1986. Northwest Welding and Fabrica

tion activities include repair of boats, motors, and boat trailers, as well as steel 

product fabrication and repair: 

Other businesses have used TIP facilities; however, little information is available 

about their operations. _These businesses reportedly· included steel tubing, bending, 

and fabrication; lamination of plastic overlays on particle boards; railroad wheel 

journal bearing manufacturing; soil stabilization materials manufacturing; ware

housing; and steel fabrication. 

Facilities recently constructed on STF site property includ_e the General Plastics and 

Pioneer Builders Supply complexes. General Plastics built a manufacturing plant in 

1981 on a portion of the former Car Shops area. General Plastics manufactures 

high-density rigid and flexible polyurethane foams and high-density rigid 

polyisocyanurate foams for the aviation, construction, marine, nuclear, architec

tural, and sports equipment industries. General Plastics uses and/or stores onsite 

several chemical products including chlorofluorocarbons, methylene chloride, and 

isocyanates. One underground storage tank, formerly available for spill 
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containment purposes, was removed in the summer of 1990 and properly disposed 

(Schatz, H., 25 February 1992, personal communication). 

Pioneer Builders Supply purchased land in the southeast portion of the STF site for 

a warehouse and office building that were constructed in 1988. Pioneer Builders 

Supply operates a distribution center for asphalt and cedar roofing materials. 

Pioneer Builders Supply used two underground tanks for approximately 5 years to 

store gasoline and diesel fuel. Pioneer Builders Supply excavated the tanks in 

December 1991 and determined that the surrounding soil was contaminated with 

petroleum products (Saltbush Environmental Services 1992). In addition, three 

underground tanks were discovered in the northeast corner of the Pioneer Builders 

Supply property in early 1990 and were excavated and disposed of in June 1990 

(Hildenbrand, J., 12 February 1991, personal communication). 

1.5 CLIMATE 

The Tacoma region is characterized by mild temperatures and cloudiness during the 

rainy season (October through May). The U.S. Weather Bureau station at Tacoma 

reports an average annual precipitation of 37 .06 inches. Approximately 76 percent 

of the annual precipitation falls during the months of October through March 

(Entranco Engineers 1989). 

Rainfall data collected during the investigative period from April 1991 to March 

1992 are summarized in Appendix SW-A of the STF Surface Water and Sediment 

Investigation Report (Kennedy/ Jenks Consultants 1992c). The maximum daily 

rainfall measured by McChord Air Force Base (AFB) was 4.08 inches on 9 January 

1990. McChord AFB is located approximately 5 miles south of the STF site. The 

total amount of precipitation recorded at McChord AFB from April 1991 to April 

1992 (investigative period) was 38. 76 inches. Approximately 60 percent of the 

total precipitation fell during the period from October 1991 through February 1992. 
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1.6 GEOLOGY AND HYDROSTRATIGRAPHY 

This section describes the geology and hydrostratigraphy of the STF and 

surrounding area. The information presented in this section is based primarily on 

the STF Phase I Groundwater Investigation (Kennedy/Jenks Consultants 1992a). 

However, available information from previous studies of the area has also been 

incorporated. 

1.6.1 Geology 

The STF site lies within the central part of the Puget Lowland physiographic 

province (Lowland) of western Washington. The Lowland is bounded on the east 

by the Cascade Mountains and on the west by the Olympic Mountains and Willapa 

. Hills. The portion of the Lowland in which the STF site lies is characterized by 

rolling hills and depressions occupied by lakes, rivers, and Puget Sound (Brown and 

Caldwell 1985). 

The site is located on a drift plain that regionally ranges in elevation from sea level 

to approximately 600 feet. The present regional topography is the result of glacial 

and glaciofluvial processes of the most recent glaciation, the Vashon glaciation. 

The STF site lies within the South Tacoma Channel, which is 4 miles long. It is an 

outwash channel that was cut by high-velocity glacial meltwater streams. The 

Channel acted as a spillway for meltwater from glacial Lake Puyallup during the 

northward retreat of the Puget lobe of the Vashon Glacier (Thorson 1980). 

Surficial deposits in the Lowland are largely composed of glacial and interglacial 

unconsolidated sediments of Pleistocene age. In the Tacoma area, the thickness of 

these deposits is estimated to be approximately 2,000 feet (Noble 1990). The 

sediments were deposited during advances and retreats of glaciers throughout the 

Pleistocene epoch. 
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Sediments deposited during glacial periods are typically coarse-grained and repre

sent high energy environments. Sediments deposited during interglacial periods are 

typically finer grained with abundant organic matter and represent low energy 

environments. 

1.6.2 Stratigraphic Units 

Three glacial and two interglacial climatic episodes are represented by units 

underlying the site. The episodes represented are the Vashon Glaciation, Olympia 

lnterglaciation, Narrows Glaciation, Kitsap lnterglaciation, and Flett Creek 

Glaciation. The units representing these episodes from youngest (i.e., shallowest) 

to oldest (i.e., deepest) are the Vashon Drift, Discovery nonglacial unit, Narrows 

glacial unit, Kitsap Formation, and Flett Creek glacial unit. The following six 

· hydrostratigraphic layers identified at the STF site are composed of members of the 

five units (Brown and Caldwell 1985): 

• Layer A (Upper) 

• Layer A 1 

• Layer A (Lower) 

• Layer B 

• Layer C • 

These layers are shown in Figures GW-6 through GW-9 of the STF Phase I 

Groundwater Investigation Report (Kennedy/Jenks Consultants 1992a). Table HC-1 

summarizes the correlation of these zones with locally identified stratigraphic units. 

RI APPENDIX HC 

FINAL REPORT HC1-11 916055.09 



Kennedy/Jenks Consultants 

TABLE HC-1 

STRATIGRAPHIC CORRELATION IN THE VICINITY OF THE STF SITE 

Hydrostratlgraphic 
Climatic Episode1•1 Unit Name1•1 Layer'bl 

Vashon Glaciation Vashon-Drift (Ov) A (Upper) 

Olympia lnterglaciation Discovery nonglacial unit (Od) A, 

Narrows Glaciation Narrows glacial unit (On) A, 
A (Lower) 

Kitsap lnterglaciation Kitsap Formation (Ok) B 

Flett Creek Glaciation Flett Creek glacial unit (Ofc) C 

(a) Based on interpretations presented in Noble (1990). 
(bl Based on correlations presented in Brown and Caldwell (1985). 
(cl Based on correlations presented iri Black & Veatch (1990) . 

Tacoma Landfill 
Subsurface Units101 

Vashon Till (Ovt) 
Vashon Advance (Ova) 
Colvos Sand (Oc) 
Older Gravel (Oog) 

Older Sand (Oos) 
Older Lacustrine (Ool) 

Older Till (Oot) 
Older Advance (Ooa) 

Kitsap Formation (Oki 

Not recognized 

. 1.6.2.1 Vashon Drift. The upper most aquifer beneath the STF site is composed of 

Colvos Sand. Colvos Sand is a member of the Vashon Drift and is correlative with 

the upper portion of hydrostratigraphic Layer A (Upper Layer A). Colvos Sand 

represents advanced outwash sand and gravels that were deposited from meltwater 

streams along the leading edge of the Vashon Glacier during its southward 

advance. At the STF site, the Colvos Sand consists mainly of poorly graded (well

sorted) sand with minor gravel and silt. The Colvos Sand is approximately 50 feet 

thick where observed at the STF site. The upper aquifer (Layer A) wells at the STF 

site are screened in the Colvos Sand. 

Beneath the Colvos Sand is a gravel layer that varies in thickness from approxi

mately 17 feet to approximately 59 feet where observed. This gravel layer is also 

correlative with hydrostratigraphic Upper Layer A. 
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1.6.2.2 Discovery Nonqlacial Unit. The Discovery nonglacial unit underlies the 

Vashon Drift gravel layer. The Discovery nonglacial sediments deposited during the 

Olympia lnterglaciation are correlative with portions of hydrostratigraphic Layer A, 

and are characterized by interbedded clay, silt, sand, and gravel deposits. In the 

northern portion of the site, the Discovery unit is absent or is represented by gravel 

and sand deposits similar in appearance to the overlying Vashon units. The unit is 

approximately 40 feet thick where intersected in the southern portion of the site at 

Well NMW-3C. 

1.6.3.3 Narrows Glacial Unit. Immediately underlying the Discovery nonglacial unit 

regionally is a layer of glacial till. At the STF site, this layer was recognized as 

indurated silt in the northern portion of the site and as a silt in the southern portion. 

This glacial till/silt layer and the overlying nonglacial Discovery sediments together 

form a continuous fine-grained unit across the site that is correlative with 

hydrostratigraphic Layer A,. Black & Veatch ( 1990) recognized that the two 

deposits are closely associated and suggested the two deposits form a single 

aquitard beneath the Tacoma Landfill, separating the unconfined hydrostratigraphic 

Layer A from lower-lying water-bearing zones. The approximate thickness of this 

unit where observed at the STF site is approximately 65-75 feet. 

A gravel layer approximately 65 fef;)t thick lies beneath this silty layer of the glacial 

till at the STF site. In the south portion of the site, the gravel contains sand, but 

finer-grained materials are rare. In the northern part of the site, the gravel contains 

silt and clay; wood fragments were also observed. The gravel unit is correlative 

with lower portion of hydrostratigraphic Layer A (Lower Layer A). Wells NMW-5B 

and NMW-3B are completed in this layer. 

1.6.2.4 Kitsap Formation. The Kitsap Formation is a nonglacial unit below the 

Narrows glacial unit and was deposited during the Kitsap lnterglaciation. At the 

STF site, this unit consists of fine-grained organic rich sediment. The Kitsap 

Formation is correlative with hydrostratigraphic Layer B. The unit has been 

recognized as an important regional aquitard that ranges in thickness to as much as 
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150 feet (Walters and Kimmel 1968), but is typically 50 feet thick (Brown and 

Caldwell 1985). · In previous regional studies in the vicinity of the STF site, Brown 

and Caldwell (1985) have postulated the absence of the Kitsap Formation in the 

South Tacoma Channel. This theory appears to be based on information gathered 

from a driller's log for a deep well (Well 20/2-24A2) in the South Tacoma Channel 

(Walters and Kimmel 1968), and on the observed thinning of the Kitsap Formation 

approaching the South Tacoma Channel (see Figure GW-7 of the STF Phase I 

Groundwater Report; Kennedy/Jenks Consultants 1992a). 

Information gathered during the STF Phase I Groundwater Investigation suggests 

the Kitsap Formation is thin but present beneath the STF site. Based on informa

tion gathered during the Groundwater Investigation the thickness of the Kitsap 

Formation varies from approximately 2 feet in the south to 1 5 feet in the north. 

1.6.2.5 Flett Creek Glacial Unit. The lowermost unit (Layer C) is the Flett Creek 

glacial unit. This drift unit consist of gravel, cobbles, and boulders to at least 

1 foot in diameter. Wells NMW-3C and NMW-5C are screened in the upper portion 

of this unit. At the STF site, the Flett Creek glacial unit was penetrated approxi

mately 25 feet. Offsite this unit has been observed to thicknesses of 100 feet or 

more. 

1.6.3 Hydrogeologic Conditions 

This section provides an outline of the hydrogeologic conditions that have been 

encountered both regionally and at the STF site based on available information 

gathered prior to this Hydraulic Characterization Investigation. Local hydrogeologic 

conditions encountered onsite are detailed in Section 4.0, Discussion and 

Conclusions, based on the results of this investigation. 
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1.6.3.1 Occurrence of Groundwater. Both locally and regionally, groundwater is 

encountered in two stratigraphic zones (Layer A and Layer C) in the upper 200-350 

feet of sediment. Regionally deeper saturated zones have also been encountered. 

Layer A 1 and Layer B are regional confining layers. Layer A 1 is a confining or semi

confining layer between the upper portion of Layer A (Colvos Sand) and the lower 

portion of Layer A (Narrows Glacial Unit). The upper portion of Layer A and the 

lower portion of Layer A are referred to in this report as Upper Layer A and Lower 

Layer A, respectively. Layer B minimizes hydraulic communication between the 

unconfined to semi-confined Layer A and the confined Layer C. Available back

ground information suggests that Layer Bis missing in the South Tacoma Channel 

(Brown and Caldwell 1985). However, as discussed above, Layer B was identified 

during the installation of deep monitoring wells at the STF site. The thickness of 

this layer is less at the STF site than it is elsewhere in the Channel. _ 

1.6.3.2 Hydraulic Gradients. Based on potentiometric surface maps for the Clover 

Creek/Chambers Creek drainage area (the regional drainage area), the hydraulic 

gradient in Layer A is in a northwestern direction (Brown and Caldwell 1985). This 

generalized regional direction of the hydraulic gradient is consistent with observa

tions made at the STF site. However, the hydraulic gradient in several areas of this 

site have been observed to trend to the east, west, or southwest during different 

times of the year. Variations in the direction of the hydraulic gradient observed at 

the site are typically a result of: 

• Groundwater extraction from large municipal production wells owned by 

Tacoma Public Utilities (i.e., Wells TAC 4A, TAC 6A, TAC 11 A, and 

TAC 5A) (see Figure HC-3) 

• Seasonal variations in recharge 

• Lithologic and structural influences, including variations in aquifer thickness 

and transmissivity. 
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Available information suggests that the hydraulic gradient in Layer C is also toward 

the northwest (Brown and Caldwell 1985). However, there are few monitoring 

locations to confirm this presumed hydraulic gradient in the vicinity of the STF site. 

Vertical gradients between Layers A and C are reported to be in a net downward 

direction throughout the Clover Creek/Chambers Creek drainage area (Brown and 

Caldwell 1985). The same information source also indicates a net upward vertical 

gradient in the South Tacoma Channel. This contradicts findings in the STF Phase I 

Groundwater Investigation Report, which indicates a net downward vertical 

gradient between the two zones of saturation. 

During the summer months, when the regional potentiometric surface in Layer C is 

depressed due to pumping by Tacoma Public Utilities, the head differential between 

Lower Layer A and Layer C was observed to be as great as 27 feet or more 

. (Kennedy/Jenks Consultants 1992a). During times when groundwater extraction is 

not in progress, head differentials between Lower Layer A and Layer Care 0.27 

feet at Wells NMW-3B and NMW-3C, and 10.95 feet at Wells NMW-5B and 

NMW-5C. These results indicate that Layer B is more effective at preventing inter

aquifer communication in the vicinity of Well Cluster NMW-5 than in the vicinity of 

Well Cluster NMW-3. 

1.6.3.3 Aquifer Properties. Layer A contains advance outwash sand and gravels 

deposited during the Vashon Glaciation (see Section 1.6.2). As a result, these 

materials typically have very high hydraulic conductivity values. Hydraulic conduc

tivity values for Layer A in the vicinity of the South Tacoma Channel reportedly 

(Brown and Caldwell 1985) ranged from 1,000 to 3,000 gallons per day per 

square-foot (gpd/ft2) assuming an average saturated thickness of 60 feet (based on 

observations of Upper Layer A at the STF site). Hydraulic conductivity values for 

Layer C in the vicinity of the STF site reportedly ranged from 300 gpd/ft2 to 3,000 

gpd/ft2 using an average saturated thickness of 100 feet (Carr/Associates 1991). 
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2.0 INVESTIGATIVE METHODS 

The investigative methods used to evaluate the hydraulic characteristics of the 

hydrostratigraphic layers that underlie STF are presented in this section. Field 

activities associated with water level monitoring, aquifer pumping tests, slug tests, 

and investigation of inter-aquifer communication at the site are also presented. 

Investigative activities were performed in accordance with the standard operating 

guidelines (SOGs) presented in the STF Field Sampling and Analysis Plan (FSAP) 

(Kennedy/Jenks/Chilton 1991 ). Deviation from these procedures are discussed 

herein. 

2.1 WATER LEVEL MONITORING 

·~ Water level monitoring was conducted to observe seasonal water level variations, 

and to estimate the direction ahd magnitude of the hydraulic gradient in 

Layer A. 

Water level monitoring was performed on a monthly basis beginning in April 1991 

and ending in March 1992. All water level measurements were completed in 

accordance with SOG-18 (Kennedy/Jenks/Chilton 1991). Monthly water level 

monitoring data were entered into a database and are presented in Section 3. 1 of 

this report. 

2. 1. 1 Monitoring Wells 

During the STF RI, water levels were monitored in 27 onsite wells and three offsite 

wells. Well construction details of these 30 monitoring wells are presented in Table 

HC-2. The locations of these monitoring wells are shown in Figure HC-4. Boring 
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DATE 
INSTALLED 

WELL ID (MM/DD/YV) 
CBS-1A 10/11/82 
CBS-2A 10/13/82 
CBS-3A 10/10/82 
CBS-4A 10/11/82 
CBS-SA 10/11/82 
CBS-6A 10/12/82 
CBS-7A 10/12/82 
CBS-BA 10/13/82 
CBS-9A 10/11/82 

CBS-10A(a) 10/12/82 
CBS-11A 10/14/82 
CBS-12A 10/13/82 
STM-1A 08113/86 

STM-2A 08/13/86 

STM-3A 08113/86 

STM-4A 08/13/86 

MW-1A 09/15/86 
MW-3A 09/17/86 
MW-SA 11/02/87 

NMW-1A 03/06191 
NMW-2A 03/04/91 
NMW-3A 03/14/91 
NMW-38 03/11/91 
NMW-3C 03/04/91 
NMW-4A 03/13191 
NMW-SA 03/11/91 
NMW-58 03/05/91 
NMW-SC 02/27/91 
NMW-6A 03/01/91 
NMW-7A 02/28191 

GALV - Galvanized Steel 
B - Bentonite 

CASING TOTAL 
DIAMETER DEPTH 

(in) (ft) 
2 30 
2 33 
2 44 
2 43.5 
2 29. 
2 28 
2 48 
2 18 
2 34 
2 44 
2 44 
2 33 
2 38 

2 42.5 

2 23 

2 26.5 

2 30.5 
2 29.5 
2 40.0 
4 48.0 
4 40.0 
4 38.0 
4 127.5 
4 195.5 
4 35.5 
4 47.0 
4 127.5 
4 200.5 
4 42.0 
4 40.0 

SS - Stainless Steel 
PVC - Schedule 40 PVC 
NA - Not Applicable 

) 

TABLEHC-2 

MONITORING WELL CONSTRUCTION DATA 

BLANK 
INTERVAL BLANK 

(ft) lYPE 
0-20 PVC 
0-28 PVC 
0-39 PVC 
0-38 PVC 
0-23 PVC 
0-23 PVC 
0-43 PVC 
0-13 PVC 
0-28 PVC 
0-39 PVC 
0-39 PVC 
0-28 PVC 
0-28 GALV 

0-32.5 GALV 

0-13 GALV 

0-16.5 GALV 

0-15 PVC 
0-14 PVC 

0-19.5 PVC 
0-21 PVC 
0-13 PVC 
0-13 PVC 
0-110 PVC 
0-180 PVC 
0-10 PVC 
0-20 PVC 
0-110 PVC 
0-185 PVC 
0-15 PVC 
0-15 PVC 

BP - Bentonite Pellets 
BS - Bentonlte Slurry 

SCREENED 
INTERVAL SCREEN 

(ft) lYPE 
20-30 PVC 
28-33 PVC 
39-44 PVC 
38-43 PVC 
23-28 PVC 
23-28 PVC 
43-48 PVC 
13-18 PVC 
29-34 PVC 
39-44 PVC 
39-44 PVC 
28-33 PVC 
28-38 ss 

32.5-42.5 ss 

13-23 ss 

16.5-22.5 ss 

15-30.5 PVC 
14-29.5 PVC 

19.5-39.5 PVC 
21-46 PVC 
13-38 PVC 
13-38 PVC 

110-125 PVC 
180-195 PVC 
10-35 PVC 
20-45 PVC 

110-125 PVC 
185-200 PVC 

15-40 PVC 
15-40 PVC 

GB - Granular Bentonite 
RM - Ready-Mix Concrete 

SLOT 
SIZE 
(in) 

0.010 
0.010 
0.010 
0.010 
0.010 
0.010 
0.010 
0.010 
0.010 
0.010 
0.010 
0.010 
0.010 

0.010 

0.010 

0.010 

0.020 
0.020 
0.020 
0.020 
0.010 
0.020 
0.010 
0.030 
0.020 
0.020 
0.020 
0.030 
0.020 
0.020 

VC - Volclay Grout 
FS - Fine Sand 

ALTER 
PACK 

Coarse Sand 
Coarse Sand 
Coarse Sand 
Coarse Sand 
Coarse Sand 
Coarse Sand 
Coarse Sand 
Coarse Sand 
Coarse Sand 
Coarse Sand 
Coarse Sand 
Coarse Sand 
10-20 Silica 

10-20 Silica 

10-20 Silica 

10-20 SIiica 

Med. SIiica 
Med. SIiica 
10-20 Silica 
10-20 Silica 
10-20 Silica 
10-20 SIiica 
20-40Smca 
8-12 SIiica 
10-20 Silica 
8-12 SIiica 
10-20 SIiica 
8-12 Silica 
10-20 Silica 
8-12 SIiica 

(a) CBS-1 0A is located offsite and upgradient of the STF site. All other wells listed in this table were considered to be onslte for the purposes of this investigation. 

TAB-HC2 

SURFACE FILTER 
SEAL SEAL 

(ft) (ft) 
0-8BG 8-13 BS 
0-20BG 20-16 BS 
0-30BG 30-36BS 
0-28BG 28-33 BS 
0-15 BG 15-20 BS 
0-1286 12-17 BS 
0-35 BG 35-41 BS 
0-SBG 5-11 BS 

0-20.5 BG 20.5-25.5 BS 
0-3086 30-35 BS 
0-31 BG 31-36 BS 

. 0-19 BG 19-25 BS 
0-3RM 24.5-26 BP 

3-241568 
0-3RM 28.5-31 BP 

3-28.SGB 
0-3RM 9.5-11.5 BP 

3-9.SGB 
0-3RM 12.5-14.5 BP 

3-12.SGB 
0-12BG NA 
0-14 BG NA 
7-15.5 B NA 
2-15VC 15-18 BP 
2-8VC 8-10BP 
0-986 9-11 BP 

0-104VC 104-107 BS 
0-175VC 175-1nFS 
0-4CB 4-6.5 BP 
2-14BG 14-17 BP 
0-105VC 105-107 FS 
0-178VC 178-180 FS 
2-9VC 9-12BP 
2-9VC 9-12BP 

CB - Cement/Bentonlte Mix 
BG - Bentonite Grout 
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and well construction logs for these wells are presented in Appendix GW-A of the 

STF Phase I Groundwater Investigation Report (Kennedy/Jenks Consultants 1992a). 

Monitoring wells installed in Upper Layer A were given a well designation ending in 

11 A. 11 Wells installed in the lower portion of Layer A have been given a designation 

ending in 11 8. 11 Wells installed in Layer C were given a designation ending in 11 C." 

When appropriate, monitoring of STF wells corresponded with quarterly monitoring 

of Tacoma Landfill wells. These data were used to develop a regional understand

ing of the hydraulic gradient in Layer A and are summarized in Appendix HC-A. 

2. 1 .2 Surveying of Monitoring Wells 

Surveying of monitoring wells was completed by PEI/Barrett Consulting Group. 

Well locations were surveyed for horizontal (northing and easting) coordinates in 

reference to the City of Tacoma NAO 83 horizontal datum. Vertical elevations were 

surveyed to the nearest 0.01 foot in reference to the City of Tacoma NGVD 29 

vertical datum. Vertical elevations that were measured for the monitoring wells 

included ground surface elevations, tops of the steel surface housings, and tops of 

PVC or steel well casings (Table HC-3). 

2.2 AQUIFER PUMPING TESTS 

As outlined in the STF Final Work Plan UCF 1990b), the following aquifer tests 

were planned for the STF site: 

• Two aquifer tests in Layer A at Wells NMW-3A and NMW-4A to estimate 

transmissivity, hydraulic conductivity, and specific yield of Upper Layer A 
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Well 
Designation 

CBS-1A 
CBS-2A 
CBS-3A 
CBS-4A 
CBS-SA 
CBS-SA 
CBS-7A 
CBS-SA 
CBS-9A 

CBS-10A 
CBS-11A 
CBS-12A 

.. , .... ~~~ MW-1A 
MW-3A 
MW-SA 

NMW-1A 
NMW-2A 
NMW-3A 
NMW-3B 
NMW-3C 
NMW-4A 
NMW-5A 
NMW-5B 
NMW-5C 
NMW-6A 
NMW-7A 
STM-1A 
STM-2A 
STM-3A 
STM-4A 

TABLEHC-3 

COORDINATES AND ELEVATIONS OF MONITORING WELLS 
AND WATER LEVEL ELEVATION DATA 

Page 1 of 3 

Elevation of Water Level Elevation (feet, MLW)[b) 
Northing Easting Top of Monument 

(ft}[a) (ft}[a) (ft above MLW)[b) 04/11/91 05/09/91 06/07/91 
695976.02 1146934.36 240.85 220.83 221.40 221.37 
694571.22 1146352.26 241.78 223.44 222.65 221.79 
692680.55 1146106.55 251.18 223.35 222.59 221.05 
690682.06 1146139.68 252.49 224.75 223.26 222.68 
689597.10 1146027.80 239.59 225.65 223.13 222.61 
692795.99 1145387.03 234.43 222.98 222.37 221.30 
692622.84 1146959.91 256.44 222.78 222.70 220.42 
690853.60 1145164.68 227.46 NM (c} 223.17 222.77 
689624.72 1145115.40 244.00 218.78 219.45 218.74 
689615.28 1147044.84 256.69 223.51 223.48 222.89 
690820.19 1146871.71 255.63 223.24 223.56 223.05 
691668.54 1145718.63 240.85 224.28 222.90 222.15 
690579.51 1145764.81 243.62 226.57 222.92 222.52 
690280.74 1145754:88 240.64 226.74 223.01 222.47 
690918.42 1146120.68 250.30 224.70 223.28 222.59 
690017.40 1146754.29 254.25 223.90 223.59 223.02 
690979.42 1145215.34 240.91 225.46 222.91 222.31 
691649.40 1145703.81 239.80 224.30 222.90 222.14 
691656.58 1145698.02 237.57 220.09 220.17 199.95 
691660.72 1145704.30 240.36 218.29 218.55 183.97 
692795.40 1145408.83 236.10 222.97 222.39 221.27 
695234.17 1146520.32 243.17 221.81 221.95 221.57 
695239.96 1146515.50 243.28 218.63 219.08 216.45 
695231.71 1146513.19 243.50 204.11 203.29 194.68 
695951.03 1147366.74 243.21 220.78 221.65 221.37 
s9s1n.8s 1146651.70 243.65 220.63 221.30 221.39 
689558.00 1146537.04 254.50 224.60 223.37 222.81 
689342.64 1146287.34 255.57 224.64 223.10 222.63 
689322.39 1146135.51 239.13 224.70 223.06 222.56 
689446.08 1146127.90 240.61 225.01 223.10 222.58 
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Well 
Designation 

CBS-1A 
CBS-2A 
CBS-3A 
CBS-4A 
CBS-SA 
CBS-6A 
CBS-7A 
CBS-SA 
CBS-9A 

CBS-10A 
CBS-11A 
CBS-12A 

"". MW-1A 
MW-3A 
MW-SA 

NMW-1A 
NMW-2A 
NMW-3A 
NMW-3B 
NMW-3C 
NMW-4A 
NMW-5A 
NMW-5B 
NMW-5C 
NMW-6A 
NMW-7A 
STM-1A 
STM-2A 
STM-3A 
STM-4A 

TABLEHC-3 Page 2 of 3 

COORDINATES AND ELEVATIONS OF MONITORING WELLS 
AND WATER LEVEL ELEVATION DATA 

Water Level Elevation (feet, MLW)[b] Water Level Elevation (feet, MLW)[b] 

07/11/91 08/08/91 08/23/91 09/09/91 10/17/91 11/11/91 
220.22 217.43 215.92 215.27 214.77 216.35 
220.71 "Dry" 212.83 213.13 212.13 215.24 
219.64 212.37 "Dry" (d) 212.82 212.74 215.66 
221.73 219.90 212.74 217.92 217.11 217.71 
221.47 220.18 219.52 218.89 218.39 218.55 
220.14 214.42 212.04 213.54 212.87 215.55 
218.84 "Dry" "Dry" "Dry" "Dry" 216.05 
221.77 220.05 218.78 217.56 216.25 216.74 
219.53 218.82 218.43 217.87 216.97 216.76 
221.58 220.27 219.62 219.05 218.78 218.95 
222.15 220.15 219.09 218.41 217.93 218.49 
221.15 217.22 215.11 215.00 214.00 216.09 
222.92 220.75 219.75 219.01 216.73 217.33 
221.44 219.97 219.10 218.34 217.64 217.94 
221.71 219.75 218.50 217.57 216.66 217.35 
221.82 220.41 219.60 218.90 218.41 218.64 
221.50 219.24 217.85 216.91 215.63 214.67 
221.16 217.30 215.19 · 215.04 214.04 216.09 
191.41 192.88 188.36 206.60 213.53 214.75 
176.41 181.19 178.88 205.63 213.26 213.96 
220.09 214.29 211.91 213.49 212.86 215.54 
220.44 216.89 214.97 214.83 214.01 216.09 
181.05 178.76 197.98 209.86 210.92 213.14 
170.10 167.43 170.11 189.71 194.81 196.86 
220.19 217.68 216.27 215.38 214.99 216.49 
220.23 217.94 216.62 215.70 215.18 216.55 
221.60 220.29 219.61 218.96 218.52 218.67 
221.44 220.19 219.60 219.03 218.63 218.74 
221.34 220.10 219.53 218.98 218.60 218.69 
221.40 220.16 219.53 218.91 218.48 218.59 
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TABLE HC-3 Page 3 of 3 

COORDINATES AND ELEVATIONS OF MONITORING WELLS 
AND WATER LEVEL ELEVATION DATA 

Water Level Elevation {feet, MLW)[b] Water Level Elevation {feet, MLW)[b] 
Well 

Designation 12/09/91 01/07/92 01/31/92 02/11/92 03/13/92 
CBS-1A 217.54 218.25 219.10 219.65 220.27 
CBS-2A 217.43 218.44 219.88 220.91 221.15 
CBS-3A 217.66 218.50 220.56 220.83 221.08 
CBS-4A 219.66 219.40 221.53 222.20 221.93 
CBS-SA 219.73 219.48 223.46 221.98 221.70 
CBS-6A 216.46 218.25 NM 220.47 220.87 
CBS-7A 217.86 218.68 219.85 220.70 221.17 
CBS-SA 219,68 219.35 223.15 223.21 222.07 
CBS-9A 216.70 216.50 217.06 217.42 218.01 

CBS-10A 219.78 219.93 220.88 221.66 222.02 
CBS-11.A 219.57 219.87 220.74 221.59 222.10 
CBS-12A 218.57 218.90 221.24 221.73 221.51 

'- ·, MW-1A 220.25 219.13 223.75 222.79 220.76 
MW-3A 220.21 219:28 224.21 222.22 221.68 
MW-SA 219.58 219.34 221.29 222.42 221.94 

NMW-1A 219.69 219.85 221.03 221.89 222.16 
NMW-2A 219.66 219.25 222.85 222.60 223.89 
NMW-3A 218.60 218.91 221.26 221.74 221.52 
NMW-3B 204.03 216.99 218.14 218.45 218.49 
NMW-3C 187.37 216.00 216.80 217.03 217.00 
NMW-4A 217.45 218.24 222.21 220.47 220.82 
NMW-SA 217.57 217.39 219.42 220.14 220.62 
NMW-5B 214.17 215.63 216.53 216.98 217.08 
NMW-SC 197.16 202.26 199.55 201.64 197.60 
NMW-6A 217.64 218.31 219.17 219.64 220.27 
NMW-7A 217.56 218.23 219.06 219.51 220.19 
STM-1A 219.74 219.66 221.52 221.98 221.92 
STM-2A 219.62 219.57 221.75 221.73 221.70 
STM-3A 219.58 219.48 222.14 221.65 221.60 
STM-4A 219.63 219.48 222.50 221.82 221.66 

Notes: 
(a) Horizontal survey based on State Plane Coordinates (STPCO, Nonhing and Easting). 

City of Tacoma 1983 NAD. 
(b) Venical datum based on City of Tacoma NGVD 29. 
'-<:-J NM = Water level not measured. 

"Dry" denotes well was dry at time of monitoring. 

03/30/92 
220.33 
220.96 
220.88 
221.52 
221.40 
220.63 
221.06 
221.36 
217.88 
221.76 
221.88 
221.11 
221.19 
221.29 
221.42 
221.88 
221.09 
221.10 
212.73 
208.32 
220.62 
220.61 
217.04 
198.25 
220.31 
220.25 
221.65 
221.43 
221.32 
221.38 
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• Two aquifer tests in Lower Layer A or Layer C at Well Clusters NMW-3 and 

NMW-5 to evaluate potential inter-aquifer communication between Upper 

Layer A and Layer C. 

Based on a review of information regarding hydraulic conductivity in Layer C, the 

expected drawdown from the proposed tests was estimated. Based on this 

estimate, it was concluded that aquifer tests at onsite wells installed in Layer C 

may not provide sufficient drawdown to evaluate potential inter-aquifer communica

tion. This conclusion was provided to EPA (Kennedy/Jenks Consultants, 3 October 

1991 , personal communication) along with suggested alternative methods for 

evaluating inter-aquifer communication. This proposed alternative approach 

included: 

• Analysis of the mean water level fluctuation in Upper Layer A monitoring 

wells during summer groundwater extraction by Tacoma Public Utilities in 

Layer C 

• Performance of an aquifer test at a nearby (offsite) groundwater extraction 

well used by Tacoma Public Utilities 

• · Monitoring the recovery of water levels in both Layers A and C following 

completion of seasonal groundwater extraction by Tacoma Public Utilities. 

EPA agreed with this proposed approach (EPA, 30 October 1991, personal commu

nication) in lieu of aquifer tests at Wells NMW-3C and NMW-5C. Kennedy/Jenks 

Consultants (3 March 1991, personal communication) provided EPA with additional 

details for the proposed activities. Kennedy/Jenks Consultants identified the 

procedures and schedule for performance of an aquifer test at Well TAC 1 A (see 

Figure HC-3) operated by Tacoma Public Utilities. Kennedy/Jenks Consultants also 

indicated that monitoring the recovery of water levels following regional pumping 

would not be feasible due to the intermittent nature of pumping by Tacoma Public 

Utilities. 
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Upper Layer A aquifer tests were conducted at Wells NMW-3A and NMW-4A. 

These wells were selected because they are located within 25 feet of additional 

monitoring wells and could be used to observe the effects of pumping during the 

aquifer tests. Well NMW-3A is located in the southern portion of the site and Well 

NMVV-4A is located in the west-central portion of the site (see Figure HC-4). The 

results of these activities are discussed in Section 3.4. 

2.2.1 Construction of Wells NMW-3A and NMW-4A and Observation Wells 

Wells NMW-3A and NMW-4A are screened in the unconfined upper aquifer (Upper 

Layer A). Wells CBS-12A, NMW-38, and NMW-3C were selected as observation 

wells for the aquifer pumping test at NMW-3A. These observation wells are 

screened in Upper Layer A, Lower Layer A and Layer C. Well CBS-6A was selected 

as the observation well for the aquifer pumping test at NMW-4A. Well CBS-6A is 

screened in Upper Layer A. Well construction details for these wells are summa

rized in Table HC-2. Boring logs for these wells are presented in Appendix GW-A of 

the STF Phase I Groundwater Investigation Report (Kennedy/ Jenks Consultants 

1992a). 

2.2.2 Aquifer Pumping Test Methods 

An overview of the methods and procedures used during performance of aquifer 

pumping tests at the STF site is presented in this section. For additional details 

regarding procedures used during the tests, refer to SOG-19 in Appendix A of the 

STF FSAP (Kennedy/Jenks/Chilton 1991). 

Prior to performing the constant rate aquifer tests, a step test was conducted at the 

pumping wen· to evaluate the magnitude of drawdown induced by various pumping 

rates. The step tests were done in three 1-hour steps of approximately 30 gpm, 

RI APPENDIX HC 
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45 gpm, and 60 gpm. These data indicated that the 60-gpm discharge rate (the 

maximum discharge rate of the pump) would result in adequate drawdown in the 

observation well, while not causing excessive drawdown (i.e., head loss) in the 

pumping well. After completion of the step test, all pumping was stopped and the 

aquifer was allowed to recover for 24 hours prior to starting the constant-rate test. 

Aquifer pumping tests were conducted at a constant rate of 60 gpm. The tests 

were conducted by pumping the well with a 5-horsepower submersible pump. Flow 

rate was monitored with a in-line flow meter and controlled by a flow control (gate) 

valve located on the downstream side of the flow meter. The flow control valve 

was monitored at 15-minute intervals and adjusted manually, as required to 

maintain the 60-gpm flow rate. Groundwater was discharged from the well, 

through a flexible hose, to a series of holding tanks located approximately 500 feet 

-from the pumping well. During the aquifer test, flow rate variations were typically 

in the range of plus or minus 5 percent (i.e., less than 3 gpm). 

Drawdown of the water table was recorded using analog data loggers and pressure 

transducers at logarithmically spaced time increments and manually at 1-hour 

intervals. Data were plotted in the field to assess the progress of the aquifer tests 

and to help identify possible steady-state conditions. Manual drawdown readings 

of barometric pressure and rain gauge readings were also measured. Barometric 

pressure monitoring was performed to identify possible water level fluctuations 

induced by barometric pressure changes. Precipitation was monitored to evaluate 

potential water level fluctuations as a result of surface water infiltration. Baro

metric pressure and precipitation readings for each aquifer test are summarized in 

Appendix HC-B. 

At the completion of the drawdown portion of the test, the data loggers were reset, 

the pump was shut off, and recovery monitoring was started. Results of the draw

down and recovery tests are presented in Section 3.2. 
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2.2.3 Aquifer Pumping Test Duration 

The aquifer pumping test performed at Well NMW-3A started on 4 December 1991 . 

Although originally planned for a maximum of 72 hours, the test was stopped after 

48 hours because steady-state conditions (no apparent enlargement of cone of 

depression) were reached after 11 hours of constant discharge at 60 gpm. 

The aquifer pumping test performed at Well NMW-4A started on 11 December 

1991. This test was also planned for 72 hours, however, steady-state conditions 

were reached after approximately 4 hours of constant discharge and the test was 

stopped after 50 hours. Antecedent monitoring was conducted for 14 days at the 

completion of both tests to identify possible trends in water level fluctuation 

unrelated to the aquifer test. 

During performance of the pumping test at Well NMW-4A, power was lost to the 

pump after approximately 18 hours of discharge. Power to the pump was restored 

approximately 3 minutes later. The effects of this power failure on the pumping 

test are discussed in Section 3.2. 

2.3 SLUG TESTS 

In accordance with the Final Work Plan (ICF 1990b), slug tests were performed at 

1 6 onsite wells to provide a reasonable estimate of the hydraulic conductivity of 

water-producing zones across the site. Slug tests were performed at all new 

monitoring wells installed as part of the RI (Wells NMW-1A, NMW-2A, NMW-3A, 

NMW-38, NMW-3C, NMW-4A, NMW-5A, NMW-58, NMW-5C, NMW-6A, and 

NMW-7A). Slug tests were also performed at several of the existing wells installed 

during previous investigations at the site (Wells STM-1 A, MW-5A, CBS-3A, 

CBS-11A, and CBS-7A). A slug test planned for Well MW-2A, located on the 

Amsted property, could not be performed because floating-phase hydrocarbons 

were found in the well. 
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2.3.1 Slug Test Method 

Slug tests were performed in accordance with procedures outlined in S0G-20. 

Water level fluctuations were induced by submergence and removal of a 5-foot 

length of PVC pipe filled with sand (slug). Water level fluctuations were monitored 

using data loggers and pressure transducer. Because the water table recovered at a 

fast rate, depths measurements were typically collected at 1-second intervals to 

provide the maximum amount of data. 

Three rising head tests were typically conducted at wells installed in the unconfined 

Upper Layer A. Two rising head and two falling head test were typically conducted 

at wells installed in Lower Layer A and Layer C (Wells NMW-3B, NMW-3C, NMW-

5B, and NMW-5C). The three most reproducible data sets from each well were 

typically analyzed to develop an estimate of the average hydraulic conductivity for 

. the well location. Results of slug test data analysis are summarized in Section 3.3. 

In general, slug test results are limited in usefulness by the extent to which the 

aquifer meets the assumptions established for the equation. Factors such as well 

construction, aquifer heterogeneity and anisotropy, and the degree of well develop

ment may have significant effects on the analysis of results. The assumptions from 

which slug test analyses are based are rarely met by the aquifer and well being 

tested. Therefore, for the purposes of this investigation, slug test results are used 

to provide an estimate of the subsurface hydraulic properties. It is generally 

accepted that slug tests are accurate to within one or two orders of magnitude. 

More accurate estimates of hydraulic conductivity and transmissivity are obtained 

through performance of aquifer tests as discussed above. 

2.4 INTER-AQUIFER COMMUNICATION 

Available information gathered prior to the RI indicated that a regional confining 

layer (Layer B), which separates the Layers A and C, was absent in the South 
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Tacoma Channel (see Section 1.6). Activities discussed below were performed to 

evaluate possible communication between the Layers A and C, and to provide a 

quantitative estimate of the amount of leakage, if any. 

An aquifer test was performed in cooperation with Tacoma Public Utilities at Well 

TAC 1 A in lieu of tests originally proposed at Wells NMW-3C and NMW-5C (see 

Section 2.2). In addition, an evaluation of seasonal water level fluctuations was 

performed to provide a qualitative evaluation of possible inter-aquifer communica

tion between Layers A and C across the site. 

2.4. 1 Water Level Monitoring 

During the spring and summer months, groundwater in the South Tacoma Channel 

is pumped by Tacoma Public Utilities to meet additional water demands. 

Groundwater is removed predominately from Layer C. However, several Layer A 

wells are also pumped. During this seasonal groundwater removal, the potentio

metric surface of the Layer C is significantly lower than at times when pumping 

does not occur. 

A statistical analysis of monthly water level monitoring data was performed to 

identify the maximum water level fluctuations for wells installed in Layer A at the 

site. The activities were performed on the assumption that well locations with the 

greatest seasonal water level fluctuation (when Layer C is being pumped) may be 

representative of areas with proportionally higher leakage to the lower-lying 

Layer C. Results of this analysis were evaluated to provide a site-wide and qualita

tive understanding of possible inter-aquifer communication and are discussed in 

Section 3.4. 
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2.4.2 Aquifer Pumping Test at Well TAC 1 A 

Well TAC 1A, a water supply well used by Tacoma Public Utilities, is screened in 

Layer C. The well is located approximately 6,000 feet southeast of Well Cluster 

NMW-3 at the site (see Figure HC-3). The objective of the aquifer pumping test 

was to induce sufficient regional drawdown in the potentiometric surface of Layer 

C and evaluate possible effects, if any, to the potentiometric surface of Layer A. 

Results of this test were evaluated to provide a qualitative estimate of leakage at 

locations where paired monitoring wells exist (i.e., well locations with a discrete 

well installed in both Layers A and C). 

The test at Well TAC 1A was started on 24 March 1992 and was performed at a 

constant discharge rate of 3,000 gpm over a 7-day period. The discharge rate was 

held constant through periodic adjustment of a flow valve at the well head. Water 

levels were electronically and manually monitored at selected onsite and offsite 

--'"', wells (see Table HC-4 for the monitoring schedule). Antecedent monitoring was 

performed 2 days prior to the test and recovery monitoring was performed for 

4 days following pump shutoff. 
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TABLE HC-4 Page 1 of 2 

TAC 1 A AQUIFER PUMPING TEST 
SUMMARY OF MONITORING WELLS AND SCHEDULE 
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Well Number 

NMW-1A 

NMW-2A 

NMW-3A 

NMW-3B 

NMW-3C 

NMW-4A 

NMW-5A 

NMW-5B 

NMW-5C 

NMW-6A 

NMW-7A 

CBS-1A 

CBS-2A 

CBS-3A 

CBS-4A 

CBS-SA 

CBS-SA 

CBS-7A 

CBS-SA 

CBS-9A 

CBS-10A 

CBS-11A 

CBS-12A 

TAC 1A 

TAC AL11 

TAC AL5 

TAC SA 

TAC 8B 

TAC 89.1· 

Owner 

STF1•I 

STF 

STF 

STF 

STF 

STF 

STF 

STF 

STF 

STF 

STF 

STF 

STF 

STF 

STF 

STF 

STF 

STF 

STF 

STF 

STF 

STF 

STF 

TPUldl 

TPU 

TPU 

TPU 

TPU 

TPU 

Aquifer Monitoring 
(Layer) Schedule 

A 1 (bl 

A 1 

A 2lcl 

B 2 

C 2 

A 2 

A 1 

B 2 

C 1 

A 2 

A 1 

A 1 

A 1 

A 1 

A 1 

A 1 

A 1 

A 1 

A 1 

A 1 

A 1 

A 1 

A 1 

C 31•1, 4lfl 

A and C 4 

C 3, 4 

A and C 4 

C 3,4 

A and C 4 
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TABLE HC-4 Page 2 of 2 

TAC 1 A AQUIFER PUMPING TEST 
SUMMARY OF MONITORING WELLS AND SCHEDULE 

Well Number Owner Aquifer Monitoring 
(Layer) Schedule 

TAC AL7 TPU A 3,4 

TAC AL13 TPU C 4 

TAC78 TPU C 3,4 

TAC7A TPU A and C 4 

TAC 10C TPU A 4 

TAC 87.3 TPU C 4 

TAC 108 TPU A 4 

TAC3A TPU A and C 4 

TAC 14A TPU C 4 

TAC6A TPU A 3,4 

TAC 11A TPU A 3,4 

TAC9A .TPU A 3,4 

TAC 12A TPU A 3,4 

TAC 89.7 TPU A and C 3, 4 

TAC 28 TPU A 3,4 

TAC4A TPU A 3,4 

(a) "STF" denotes well is owned by members of the South Tacoma Field Site Group. 
(b) The number 1 indicates that water level measurements was recorded manually by 

Kennedy/Jenks Consultants once per day before, during, and after the test, except 
during the first day of pumping when measurements were recorded twice. 

(c) The number 2 indicates that water level measurements were recorded once every 
half-hour using a data logger and pressure transducer installed by Kennedy/Jenks 
Consultants. 

(d) "TPU" denotes well is owned by Tacoma Public Utilities. 
(e) The number 3 indicates water level measurements were recorded 4 times during 

the first day and twice thereafter using equipment installed by Tacoma Public 
Utilities or Carr/Associates. 

(f) The number 4 indicates water level measurements were manually 
recorded by Carr/Associates once per day during and after the test, except during 
the first day of pumping when measurements were recorded twice. 
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3.0 INVESTIGATIVE RESULTS 

The investigative results of this Hydraulic Characterization Investigation are pre

sented in this section. A summary of monthly water level monitoring results are 

provided in Section 3.1. Methods for data analysis and the results of the aquifer 

tests and slug tests are summarized in Sections 3.2 and 3.3, respectively. Results 

of activities performed to assess possible inter-aquifer communication between 

Layers A and C are summarized in Section 3.4. 

3.1 WATER LEVEL MONITORING 

Monthly water level monitoring performed during the RI has enabled: 

• Evaluation of seasonal water level fluctuations in Upper Layer A, Lower 

Layer A, and Layer C 

• Estimation of the hydraulic gradient direction and magnitude in Upper 

Layer A 

• Identification of vertical hydraulic gradients and evaluation of possible inter

aquifer communication between Layers A and C. 

The use of water level monitoring data to assess inter-aquifer communication is dis

cussed in Section 3.4. The following discussions of water level monitoring results 

focus primarily on data collected from Upper Layer A wells. 
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3. 1. 1 Seasonal Fluctuations in Upper Layer A 

Monthly water level monitoring was performed from April 1991 to March 1992. 

Potentiometric surface contour maps for these months are presented in Figures 

GW~11 through GW-24 of the STF Phase I Groundwater Investigation Report 

(Kennedy/Jenks Consultants 1992a). These maps were generated by contouring 

monthly water level elevation data for Layer A wells using the triangular network 

program pcTIN Version 2.20. Modifications were manually made to the computer

generated contour lines based on professional judgement. 

The potentiometric surface for Layer A and Layer C at the STF site are influenced 

by lithologic and stratigraphic properties of the aquifer, seasonal variations in 

recharge, and by pumping from nearby water production wells owned by Tacoma 

Public Utilities (see Section 1.6.3). Although lithologic and stratigraphic influences 

are difficult to assess, the effects of seasonal recharge and groundwater pumping 

are more readily apparent. 

Water levels in Layer A are strongly influenced from groundwater pumping of Wells 

TAC 4A, TAC 5A, TAC 6A, and TAC 11 A, which ar~ owned and operated by 

Tacoma Public Utilities. Three of these wells are screened in Layer A, except TAC 

5A which is reportedly screened in both Layers A and C. Each of these wells are 

pumped intermittently at discharge rates ranging from 3,000 to 11,500 gallons per 

minute (Larson, T., 29 July 1992, personal communication). Since the wells are 

pumped on a on-demand basis there are no schedules from which to estimate 

annual groundwater removal volumes. 

Tacoma Public Utilities pumps groundwater in the summer months (typically May 

through September) to supplement surface water obtained from the Green River. 

As the summer progresses, pumping of these wells has an increasing effect on the 

potentiometric surface of Upper Layer A. Toward the end of the pumping season 

(August and September), a large cone of depression has developed around these 

wells that extends beyond the western edge of the STF site and apparently into the 
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' f"'-' eastern margins of the Tacoma Landfill study area located to the west of the STF 

site. As is indicated in the potentiometric surface contour maps, the strongest 

effect of seasonal pumping is apparent from wells in the east-central portion of the 

site. 

The potentiometric surface maps also indicate a groundwater mound in the vicinity 

of the Amsted property in the southern portion of the site. In September 1991, a 

leaking water line on the Amsted property was identified and subsequently repaired 

in October 1991 . The leaking water line was thought to be the source of the 

groundwater mound centered around the Amsted property. However, during 

subsequent months of groundwater level monitoring, the mound did not dissipate 

entirely. Although, the reason the groundwater mound has not dissipated is not 

understood, it may be attributed to additional water line leaks in the area. 

The fluctuation of the potentiometric surface in onsite wells are depicted graphically 

in Appendix HC-C. As indicated, water levels across the site are noticeably lower 

during the summer pumping months. This may be attributed to a reduced recharge 

or regional drawdown due to pumping of Layer A wells by Tacoma Public Utilities. 

Annual water level fluctuations in Upper Layer A ranged from a minimum of 

3.03 feet in Well CBS-9A to a maximum of 12.01 feet in Well NMW-4A. 

In Upper Layer A, the highest water levels were recorded in April 1991 and the 

lowest water levels were recorded in October and November 1991 . In Lower 

Layer A (Wells NMW-38 and NMW-58) and Layer C, the highest potentiometric 

heads were recorded in April 1991 and the lowest potentiometric heads were 

recorded in August 1991 . 

3. 1.2 Horizontal Hydraulic Gradients 

As indicated above, the potentiometric surface of Upper Layer A is affected by 

variations in recharge and groundwater extraction from Tacoma Public Utilities' 
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water supply wells. These influences have a significant effect on the direction and 

magnitude of the hydraulic gradient at the STF site. During extraction months (May 

through September}, hydraulic gradients changed and were observed to reverse 

completely. As the cones of depression centered around the Tacoma Public Utilities 

wells deepen, their influence dominates the site flow regime. During non-extraction 

months (November through May), the predominant direction of the hydraulic 

gradient is from the south-southeast to the north-northwest. This gradient is 

generally consistent across the site, except in the southwest portion of the site 

where the gradient is toward the west to southwest. 

The magnitude of the hydraulic gradient in Upper Layer A also varies across the 

site. These variations are summarized below: 

• During non-extraction periods, the hydraulic gradient in the ce_ntral portion 

of the site ranged from 0.0004 ft/ft to 0.001 ft/ft 

• During non-extraction periods, the hydraulic gradient in the southwest 

portion of the site ranged from 0.0005 ft/ft to 0.0088 ft/ft 

• During seasonal groundwater pumping, the hydraulic gradient within the 

cone of depression reached 0.0052 ft/ft in the east-central portion of the 

site where drawdown was observed to be the greatest. 

The direction of the hydraulic gradient in Layer C was estimated through triangula

tion using water level monitoring data from onsite Wells NMW-3C and NMW-5C, 

and Tacoma Public Utilities offsite Well TAC 89.5. Based on this calculation, it 

appears that the direction of the hydraulic gradient in Layer C generally also to the 

north as reported by Brown and Caldwell (1985). The magnitude of the hydraulic 

gradient, estimated based on water level monitoring data from these three wells, is 

approximately 0.004 ft/ft. 
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3.1.3 Vertical Hydraulic Gradients 

There are two onsite well clusters (NMW-3 and NMW-5) and a third offsite well 

cluster (TAC 89.5) located west of the STF property to measure vertical gradients 

between Layers A and C (Figures HC-3 and HC-4). Water level measurements from 

these well clusters indicate that the vertical gradient is in a net downward direction. 

Hydrographs depicting water level elevations in Layers A and C wells for the onsite 

Well Clusters NMW-3 and NMW-5 are presented in Figures HC-5 and HC-6. Head 

fluctuations in Well TAC 89.5 are shown in Figure HC-7. The maximum head 

differentials between Upper Layer A and Layer C occurred during the summer 

months when the potentiometric surface was depressed due to seasonal pumping. 

Heads in Lower Layer A wells (NMW-3B and NMW-5B) dropped between 31.8 and 

40.3 feet, whereas heads in Layer C wells dropped between 36. 7 and 42.1 feet 

during summer pumping periods. 

3.2 AQUIFER PUMPING TESTS 

Results of the two aquifer tests performed in Upper Layer A are discussed below. 

Pumping test data were-evaluated to determine aquifer hydraulic parameters such 

as hydraulic conductivity, transmissivity, and storativity. Hydraulic conductivity is 

defined as the capacity of an aquifer to conduct water at the prevailing viscosity 

and is affected by fluid temperature, fluid density, and porosity and packing 

structure of the porous media. Transmissivity is defined as aquifer hydraulic 

conductivity multiplied by aquifer thickness. Storativity is a dimensionless 

coefficient that refers to the volume of water that an confirmed aquifer releases 

from or takes into storage per unit horizontal area of aquifer per unit change in 

head. 
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Cluster NMW-5 Monthly Water Elevations 
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3.2.1 Methods of Evaluating Pumping Test Data 

A number of methods and equations have been developed for calculating hydraulic 

parameters from time-drawdown and time-recovery data. The most common 

method is curve matching. Curve matching is accomplished by one of two 

methods: 1 ) visual-manual curve matching or 2) analytical curve matching. For 

this investigation, data were analyzed using A0TES0LV, a Geraghty & Miller 

(1989) computer program. A0TES0LV allows the user to evaluate aquifer pumping 

test and slug test data either manually or analytically. To manually evaluate data, 

the user interactively moves a type curve in relation to a plot of the drawdown data 

until a visual "best fit" with the data set is achieved. If the analytical option is 

selected the program automatically finds the best fit between the type curve and 

data set. 

· The equations developed for analysis of time-drawdown data sets include Theis, 

Jacob, Copper-Jacob, Neuman, and many others. The assumptions from which 

these equations are based include aquifer conditions and the manner in which an 

aquifer test is conducted. Ideally the geologic and hydrogeologic conditions that 

exist at a site are completely defined and the equation for analysis is selected based 

on this understanding. However, geologic and hydrogeologic conditions at a site 

are never completely understood or as simple as the assumptions upon which the 

equations are based. As a result, several equations can appear consistent with the 

available geological data •. Typically, a data set is evaluated using all the equations 

that appear consistent and scientific judgment is used to evaluate the results. 

Based on the available geologic and hydrogeologic data, both Wells NMW-3A and 

NMW-4A can be described as a partially penetrating pumping well in an unconfined 

aquifer with a partially penetrating observation well. The Neuman, Theis, and 

Cooper-Jacob equations were selected to evaluate the aquifer pumping test data. 

A summary of each of these methods, advantages and disadvantages, and rationale 

for using them is provided below. 
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3.2.1.1 Neuman (1975>. The Neuman equation was developed for conditions of 

unsteady flow to a well in an unconfined aquifer. The Neuman equation was 

developed for evaluation of aquifer pumping test data obtained by pumping a 

partially penetrating well and collecting drawdown data from either a piezometer or 

a partially penetrating observation well. The primary advantage of this equation is 

that it is one of the few methods available to evaluate data obtained from aquifer 

pumping tests conducted in partially penetrating wells in unconfined aquifers. A 

disadvantage of the Neuman equation is its computational complexity. The 

Neuman equation was selected because the underlying assumptions of this equa

tion and the field conditions closely match. 

3.2.1.2 Theis (1935}. The Theis equation was developed for conditions of un

steady flow to a well in a confined aquifer. The Theis equation was developed for 

analysis of both time-drawdown and time-recovery data. However, Kruseman and 

DeRidder (1979) developed a method for correcting unconfined drawdown data for 

evaluation using the Theis equation. Advantages of using the Theis equation 

include that it is relatively simple to use, evaluation can be done both manually and 

analytically, it is common method of aquifer pump test data evaluation, and can be 

used to evaluate time-recovery data recorded in the pumped well and observation 

well. A disadvantage of the Theis equation is it was developed assuming a fully 

penetrating pumping and observation well. The Theis equation was selected for 

evaluation of the aquifer pumping test data because (with correction for unconfined 

conditions) the equation is suitable for evaluation of unconfined aquifer data, the 

equation is relatively simple to use, and hydraulic parameters calculated using the 

Theis equation provided a comparison with parameters calculated using the Neuman 

equation. 

3.2. 1 .3 Cooper-Jacob (1946). The Cooper-Jacob equation is a modification of the 

Theis method. The Cooper-Jacob equation is used for conditions of unsteady flow 

to a well in a confined aquifer. The Cooper-Jacob equation can be used to evaluate 

unconfined aquifer pump test data if data are corrected using the Kruseman and 

DeRidder (1979) method (as with the Theis equation). The advantages and dis-
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advantages of using the Cooper-Jacob equation are the same as those for the Theis 

equation. However, the Cooper-Jacob equation is simpler than the Theis equation. 

The Cooper-Jacob equation was used for the same reasons the Theis equation was 

used. 

3.2.2 Well NMW-3A Aquifer Pumping Test 

Both drawdown and recovery aquifer pumping test data were evaluated using the 

previously described methods of analysis. Results of these analyses are presented 

in Table HC-5. Hydrographs of the drawdown and recovery data, and the data 

plots for the various methods are presented in Appendix HC-D. 

Drawdown and recovery data obtained from pumping well NMW-3A and observe-

-tion well CBS-12A were evaluated using the previously described methods of 

analysis. The transmissivity estimates calculated using these methods ranged from 

23,000 gpd/ft to 97,000 gpd/ft. 

Transmissivity estimates based on observation well CBS-12A data and the uncon

fined methods ranged from 51,000 gpd/ft to 72,000 gpd/ft. These transmissivity 

estimates are considered more accurate than those calculated using the confined 

methods because they include correction for the unconfined conditions that exist at 

the STF site. 

Transmissivity estimates based on drawdown data from NMW-3A are not consid

ered as accurate as those calculated using the data from Well CBS-12A because 

the drawdown observed in NMW-3A was most likely greater than drawdown in the 

formation just outside of the well. The additional drawdown was a result of filter 

pack and well screen headlosses. The aquifer appears less conductive 

(transmissive) than it actually is as a result of these non-formation headlosses. 
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TABLE HC-5 

)NELL NMW-3A AQUIFER r>UMP TEST DATA ANALYSIS RESULTS 

Upper Layer A Hydraulic Properties 

Data Analysis Method 
Tl•I T Klbl K 

NMW-3A CBS-12A NMW-3A CBS-12A 5ylcl 

(gpd/ft) (gpd/ft) (ft/day) (ft/day) NMW-3A 

AQTESOLV 
Neuman (unconfined) NAldl 71,000 NA 160 NA 

Theis Drawdown (unconfined) 31,000 72,000 70 170 2.70E-05 

Cooper Jacob Drawdown (unconfined) 28,000 51,000 60 120 4.68E-04 

Theis Recovery (confined) 23,000 23,000 50 50 NA 

MANUAL 
Cooper Jacob Drawdown (confined) NA 55,000 NA 120 NA 

Theis Drawdown (confined) NA 97,000 NA 220 NA 

Transmissivity (gpd/ft). (al T = 
(b) K = 
(c) SY= 
(di NA = 

Hydraulic conductivity (ft/day) based on a saturated thickness of 60 feet. 
Specific yield (unitless). · 
Not applicable. 

SY 
CBS-12A 

0.001 

0.010 

0.036 

NA 

0.029 

0.003 
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The specific yield calculated using the unconfined methods and CBS-1 2A data 

ranged from 0.001 to 0.036. Because the assumptions of the Neuman equation 

provide the best approximation of actual field conditions, they appear to provide the 

most credible estimates of transmissivity. Using Neuman's equation, transmissivity 

was calculated at 71 ,000 gpd/ft. 

During pumping and recovery; no clearly visible effects of pumping were noted in 

the water levels of Wells NMW-3B or NMW-3C which could be attributed to 

drawdown in these formations (see Appendix HC-0). This result indicates that the 

confining layers (Layer A 1 and Layer B) appear to have been effective in preventing 

inter-aquifer communication between Upper Layer A and the lower-lying saturated 

zones during the duration of this aquifer test. 

Barometric pressure and precipitation data were recorded during the test, but the 

-drawdown data were not normalized for pressure changes prior to analysis because 

-, Upper Layer A is unconfined. Barometric pressure data are presented in Appendix 
\ 

HC-B. 

3.2.3 Well NMW-4A Aquifer Pumping Test 

The aquifer pumping test data for NMW-4A were evaluated using the same 

methods as described for the test at NMW-3A. Results of these analyses are 

presented in Table HC-6. Hydrographs of the drawdown and recovery data, and 

the data plots for the various methods are presented in Appendix HC-0. 

As shown in the hydrographs of the drawdown data, brief recovery of the water 

table is noted at an elapsed time of 1,000 minutes. This deflection in the cone of 

depression was caused by a loss of power to the pumping well. Because the 

duration of pump failure was less than 3 minutes and equilibrium had already been 

achieved, no adverse effects were expected in the analysis of results. 
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TABLE HC-6 

WELL NMW-4A AQUIFER PUMP TEST DATA ANALYSIS RESULTS 

Data Analysis Method 

AQTESOLV 
Neuman (unconfined) 

Theis Drawdown (unconfined) 

Cooper Jacob Drawdown (unconfined) 

Theis Recovery (confined) 

MANUAL 
Cooper Jacob Drawdown (confined) 

Theis Drawdown (confined) 

(a) T = 
(b) K = 
(cl SY= 
(di NA= 

Transmissivity (gpd/ft). 
Hydraulic conductivity (ft/day). 
Specific yield (unitless). 
Not applicable. 
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,-C•I 
NMW-4A 
(gpd/ft) 

NAldl 

17,000 

42,000 

43,000 

NA 

NA 

Upper Layer A Hydraulic Properties 

T Klbl K 
CBS-6A NMW-4A CBS-6A 5ylal SY 
(gpd/ft) (ft/day) (ft/day) NMW-4A CBS-6A 

67,000 NA 150 NA 0.028 

60,000 40 130 0.366 0.034 

78,000 90 170 5.52E-07 0.005 

39,000 90 90 NA NA 

72,000 NA 120 NA 0.007 

48,000 NA 80 NA 0.040 
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Drawdown and recovery data obtained from pumping well NMW-4A and observa

tion well CBS-SA were evaluated using the previously described methods of 

analysis. The transmissivity estimates calculated using these methods ranged from 

17,000 gpd/ft to 78,000 gpd/ft. 

Transmissivity estimates based on observation well CBS-SA data and the uncon

fined methods ranged from S0,000 gpd/ft to 78,000 gpd/ft. These transmissivity 

estimates are considered more accurate than those calculated using the confined 

methods because they include correction for the unconfined conditions that exist at 

the STF site. 

Transmissivity estimates based on drawdown data from NMW-4A are not consid

ered as accurate as those calculated using data from Well CBS-SA because the 

drawdown observed in NMW-4A was most likely greater than drawdown in the 

· formation just outside of the well. The additional drawdown was a result of filter 

pack and well screen headlosses. The aquifer appears less conductive (trans

missive) than it actually is as a result of these non-formation headlosses. 

The specific yield calculated using the unconfined methods and CBS-6A data 

ranged from 0.005 to 0.034. As discussed in Section 3.2.2, the Neuman equation 

appears to be the most appropriate for the conditions encountered at the STF site. 

Using Neuman's equation, transmissivity was calculated at 67,000 gpd/ft. 

During pumping and recovery, no observable effects were noted in the water levels 

of Wells NMW-58 or NMW-5C. 

Barometric pressure and precipitation data were recorded during the test but the 

drawdown data were not normalized for pressure changes prior to analysis because 

Layer A is unconfined. Barometric pressure data are presented in Appendix HC-B. 
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3.2.4 Antecedent Monitoring of Wells NMW-3A and NMW-4A 

Figures HC-8 and HC-9 are plots of antecedent monitoring data recorded at Wells 

NMW-3A and NMW-4A during a 14 day-period from 13 January 1992 to 

27 January 1992. Two patterns were apparent: 1) the water level rose approxi

mately 1 foot or less at both locations during the monitoring period, and 2) there 

were notable short-term fluctuations at both locations during the monitoring period. 

The rise in water level during the period is likely a result of infiltration. During the 

monitoring period, 5.97 inches of rainfall was recorded at nearby McChord Air 

Force Base [see Appendix SW-A of the Surface Water and Sediment Investigation 

Report (Kennedy/Jenks Consultants 1992c)]. The short-term fluctuations are 

believed to be a result of the cycling of Tacoma Public Utilities heat pump wells. 

These wells are located on the Tacoma Public Utilities property in the northwestern 

portion of the site. The heat pump wells are used for heating and cooling of 

Tacoma Public Utilities buildings. The influence of these wells was greater at 

NMW-4A than at NMW-3A. 

3.2.5 Estimated Seepage Velocity 

Minimum and maximum seepage velocities were estimated for Upper Layer A using 

the hydraulic conductivity values calculated for aquifer tests at NMW-3A and 

NMW-4A, and using average porosity. Seepage velocities were estimated to help 

evaluate the approximate (bulk movement) rate of groundwater movement across 

the site. Average porosity was calculated based on the porosity of soil samples 

collected during drilling of wells NMW-1 A, NMW-2A, NMW-3A, NMW-4A, NMW-

5A, NMW-6A, and NMW-7 A. Seepage velocity was estimated using the following 

equation (Fetter 1980): 
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Where: V = Seepage velocity (ft/yr). 

K = Horizontal conductivity (ft/yr). 

i = Minimum and maximum hydraulic gradient estimated based on 

monthly potentiometric surface maps during non-pumping 

periods (i.e., 0.0004 and 0.001 ft/ft) (refer to Section 3.1.2). 

n = Average porosity (36.5 percent). 

Based on this equation, minimum and maximum seepage velocities were estimated 

and are presented in Table HC-7. 

TABLE HC-7 

MAXIMUM AND MINIMUM SEEPAGE VELOCITIES 
BASED ON AQUIFER PUMPING TEST RESULTS 

Average Hydraulic Maximum Seepage Minimum Seepage 
WaU Conductivity K Velocity V Velocity V 

Designation (ft/dayJ (ft/yrJ (ft/yrJ 

NMW-3A 150 150 60 

NMW-4A 150 150 60 

3.3 SLUG TESTS 

Results of the slug tests performed at selected wells at the STF site are presented 

in this section. Slug tests were performed at all new monitoring wells installed as 

part of the RI (Wells NMW-1 A, NMW-2A, NMW-3A, NMW-38, NMW-3C, NMW-4A, 

NMW-5A, NMW-58, NMW-5C, NMW-6A, and NMW-7 A) and several of the existing 

wells installed during previous investigations at the site (Wells STM-1 A, MW-5A, 

CBS-3A, CBS-11A, and CBS-7A). 
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3.3.1 Methods of Evaluating Slug Test Data 

Methods used to evaluate slug test data include the Bouwer and Rice (1976) 

method and the Cooper, Bredehoeft, and Papadopulos (1967) method. The Bouwer 

and Rice method is applicable to unconfined aquifers with completely or partially 

penetrating wells. The Cooper, Bredehoeft, and Papadopulos method is applicable 

to confined aquifers with completely penetrating wells. Slug test data were 

analyzed using the AOTESOLV software package distributed by Geraghty & Miller 

(1989). As with pumping test data, the solution of these equations can be accom

plished by either a visual-manual or analytical method. Both of these equations are 

based on a number of assumptions and their applicability to a given slug test 

depends on the degree to which these assumptions fit actual field conditions. 

3.3.2 Results of Slug Test Data Analyses 

Results of slug test data analysis are summarized in Table HC-8. Transmissivity for 

Upper Layer A ranged from 88.2 gpd/ft to 2,310 gpd/ft. Wells NMW-3B and 

NMW-5B are installed in Lower Layer A. Transmissivity for these wells ranged from 

1,670 gpd/ft to 5,000 gpd/ft. Based on slug tests performed at NMW-5C, trans

missivity ranged from 600 gpd/ft to 1,200 gpd/ft for this well. 

Five rising and falling head tests were performed at NMW-3C. However, none of 

these tests resulted in data sets appropriate for analysis. The data sets obtained 

did not have a pattern "typical" of slug tests. The reason(s) for the non-typical 

pattern of drawdown and recovery could not be discerne·d. A representative plot of 

those data and the slug test data plots are presented in Appendix HC-E. 

The values of transmissivity for Upper Layer A and Layer C (as estimated by slug 

test methods) were consistently one to two orders of magnitude less than transmis

sivity estimates based on aquifer test data. It is unclear why the slug test 
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WELL 
DESIGNATION 
CBS-11A 

CBS-3A 

CBS-7A 

NMW-1A 

NMW-2A 

NMW-3A 

NMW-38 

NMW-4A 

NMW-5A 

NMW-58 

NMW-5C 

NMW-6A 

NMW-7A 

STM-1A 

NOTES: 

TABLEHC-8 

SUMMARY OF SLUG TEST RESULTS 

::SAfURA"lt:U 
THICKNESS 

b (ft) 
46.90 
46.90 
46.90 
51.00 
51.00 
51.00 
45.40 
45.40 
45.40 
49.90 
49.90 
49.90 
62.20 
62.20 
62.20 
55.50 
55.50 
35.00 
35.00 
35.00 
59.50 
59.50 
59.50 
54.00 
54.00 
54.00 
35.00 
35.00 
35.00 

100.00 
100.00 
100.00 
54.00 
54.00 
54.00 
54.00 
54.00 
54.00 
49.50 
49.50 
49.50 

T=K*M 
K=T/M 
V = K*I/P 

MT! ... i~_A"._I~•·-

TRANSMISSIVITY CONDUCTIVITY 
T (ft"'2/niinute) 

0.59375 
0.68662 
0.54592 
0.90474 
1.00623 
0.96594 
0.70325 
0.67328 
0.53981 
0.51447 
0.60179 
0.60179 
1.18615 
1.27883 
0.96721 
0.98679 
0.66045 
0.04624 
0.02980 
0.02661 
2.14081 
1.44764 
1.57080 
0.34992 
0.73872 
0.71280 
0.03667 
0.01549 
0.04532 
0.05527 
0.06327 
0.11170 
0.93906 
0.74898 
0.26401 
0.13932 
0.08186 
0.09304 
0.32368 
0.33655 
0.26864 

I = 0.001 (maximum) 
I = 0.0004 (minimum) 
P (porosity) = 0.365 

K (ft/minute) 
0.01266 
0.01464 
0.01164 
0.01774 
0.01973 
0.01894 
0.01549 
0.01483 
0.01189 
0.01031 
0.01206 
0.01206 
0.01907 
0.02056 
0.01555 
0.01778 
0.01190 
0.00132 
0.00085 
0.00076 
0.03598 
0.02433 
0.02640 
0.00648 
0.01368 
0.01320 

·0.00105 
0.00044 
0.00129 
0.00055 
0.00063 
0.00112 
0.01739 
0.01387 
0.00489 
0.00258 
0.00152 
0.00172 
0.00654 
0.00680 
0.00543 

A'V:!"'"--.-:.::: 
CONDUCTIVITY 

K (ft/minute) 

0.01298 

0.01880 

0.01407 

0.01148 

0.01839 

0.01484 

0.00098 

0.02890 

0.01112 

0.00093 

0.00077 

0.01205 

0.00194 

0.00626 
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transmissivity estimates were consistently lower than estimates based on aquifer 

tests. Possible reasons for the disparity are discussed below. 

• Lohman (1979) and Ferris and Knowles (1954) report the Cooper, 

Bredehoeft, and Papadopulos method is strictly applicable in aquifers of 

rather low transmissivity (less than about 50,000 gpd/ft). Based on the 

aquifer tests, transmissivity estimates of Upper Layer A are greater than 

50,000 gpd/ft. Therefore, the slug test may be an inappropriate test for 

the highly transmissive aquifer formations at the STF site. 

• Slug tests estimate the hydraulic properties of the aquifer immediately sur

rounding a well. In contrast, aquifer pumping tests influence a much larger 

area. As a result, the slug test results may indicate the transmissivity of 

the filter pack installed around the well casing, rather than _t~e 

transmissivity of aquifer. 

3.4 INTER-AQUIFER COMMUNICATION 

This section describes results and activities that have been performed at the STF 

site to evaluate possible inter-aquifer communication between Layer A and Layer C. 

The potential for inter-aquifer communication was determined by: 

• Evaluating of monthly water level monitoring data obtained from April 1991 

to March 1992 

• Performing an aquifer test at Well TAC 1 A in cooperation with Tacoma 

Public Utilities. 

Results of these activities are presented in the following sections. 
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3.4.1 Water Level Monitoring 

Visual examination and statistical analysis were used to evaluate the monthly water 

level monitoring data for inter-aquifer communication (leakage). Monthly water 

level monitoring data were used to evaluate the mean seasonal water level fluctua

tions of Upper Layer A across the site. These activities were performed on the 

assumption that the lo:wering of Layer C potentiometric surface, as a result of 

seasonal pumping, may result in enhanced leakage through the confining layer 

(Layer 8). Enhanced leakage may be perceptible through exaggerated water level 

fluctuations in Upper Layer A. 

3.4.1.1 Examination. The fluctuation of the potentiometric surface of Layers A and 

Cat Well Clusters NMW-3 and NMW-5 from April 1991 to March 1992 are 

illustrated in Figures HC-5 and HC-6 (see Section 3.1.3). By inspecting these 

figures, inter-aquifer communication between Lower Layer A (NMW-38 and NMW-

58) and the underlying Layer C (NMW-3C and NMW-5C) is apparent. However, 

head fluctuations in Upper Layer A (NMW-3A and NMW-5A) do not correspond 

with head fluctuations in Layer C (NMW-3C and NMW-5C). Head fluctuations 

observed in Upper Layer A wells appear to be consistent with reduced seasonal 

recharge to the formation during the summer months. Based on interpretation, 

enhanced inter-aquifer communication between Upper Layer A and the underlying 

layers is not apparent at well cluster NMW-3C and NMW-5C. 

Figure HC-7 shows the fluctuation of the water level in Upper Layer A and the 

potentiometric surface of Layer Cat offsite Well TAC 89.5 during the monitoring 

period (April 1991 through March 1992). Based on visual examination, inter-aquifer 

communication between Upper Layer A and Layer Cat Well TAC 89.5 is not 

apparent. 

3.4.1.2 Statistics. In addition to a visual examination of the water level monitoring 

data, these data were statistically analyzed. The analysis was based on the 

assumption that either statistical patterns or statistical abnormalities would develop 
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that could point to local areas of inter-aquifer communication (leakage) in the 

confining layer underlying Upper Layer A. 

The analysis consisted of calculating the maximum water level fluctuation at each 

well, average maximum water level fluctuation for wells in a selected group, and 

standard deviation of the maximum water level fluctuations for wells in that group. 

For this statistical analysis, wells at the site were grouped by sub-areas: North, 

Central, Southeast, and Southwest. The sub-areas are shown in Figure HC-10 and 

were selected based on the areal distribution of wells across the site and observed 

water level fluctuations during the monitoring period. 

Statistical results are summarized in Table HC-9 and illustrated in Figures HC-11 

through HC-14. Water level fluctuations were greatest in the central area and least 

in the southeast area. Water levels throughout the site were influenced by pumping 

-of municipal wells installed in Layer A (TAC 4A, TAC 6A, and TAC 11 A) during the 

summer months. The greatest influence was observed in the central area. Site

wide water level fluctuations ranged from 3.03 feet at Well CBS-9A to 12.01 feet 

at Well CBS-4A. Area-by-area fluctuations were generally uniform and statistical 

analysis did not indicate large fluctuations that may be indicative of enhanced 

leakage resulting from a-local window in the confining layer (Layer A,). As a result, 

the statistical analysis of water level monitoring results· were inconclusive in 

identifying possible inter-aquifer communication. 

3.4.2 Well TAC 1A Aquifer Pumping Test 

Tacoma Public Utilities' Well TAC 1A is located approximately 6,000 feet southeast 

of Well Cluster NMW-3 at the STF site (see Figure HC-3) and is completed in Layer 

C. Onsite Well Clusters NMW-3 and NMW-5 also contain wells completed in Layer 

C. These clusters also have shallow wells installed in both Upper Layer A and 

Lower Layer A. Offsite Well Cluster TAC 89.5 contains a well installed in Upper 
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TABLEHC-9 

· STATISTICAL ANALYSIS OF UPPER LA YER A 
WATER LEVEL MONITORING DATA BY SUB-AREA 

WELL TOTAL WATER LEVEL WELL 
DESIGNATION FLUCTUATION (ft) DESIGNATION 

North Southeast 
CBS-1A 6.63 CBS-10A 
NMW-SA 7.94 CBS-11A 
NMW-6A 6.66 NMW-1A 
NMW-7A 6.21 STM-1A 

STM-2A 
AVERAGE 6.86 AVERAGE 
STANDARD DEVIATION 0.75 STANDARD DEVIATION 

Central Southwest 
CBS-~A 11.31 CBS-SA 
CBS-SA 10.98 CBS-SA 
CBS-4A 12.01 MW-1A 
CBS-6A 10.94 MW-3A 
CBS-12A 10.28 MW-SA 

.NMW-2A 10.79 STM-3A 
NMW-3A 10.26 STM-4A 
NMW-4A 11.06 CBS-09A(b) 
CBS-7A(a) 6.73 

AVERAGE 10.95 AVERAGE 
STANDARD DEVIATION 0.56 STANDARD DEVIATION 

(a) Not used in calculations. Well was dry at times during monitoring period. 
(b) Not used in calculations. Offsite well. 

TOTAL WATER LEVEL 
FLUCTUATION (ft) 

4.73 
5.63 
5.49 
6.08 
6.01 
5.59 
0.54 

7.26 
6.96 
9.84 
9.10 
8.04 
6.10 
6.53 
3.03 

7.69 
1.37 
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Layer A and Layer C. Drawdown and recovery were monitored in these wells 

during the 7-day aquifer test (see Table HC-4). 

Figures HC-15 through HC-17 are hydrographs for Well Clusters NMW-3, NMW-5, 

and TAC 89.5, respectively. The same pattern of drawdown in Layer C that was 

observed in the monthly monitoring data hydrographs of well clusters NMW-3 and 

NMW-5 was also observed in the hydrographs of well cluster TAC 89.5. The 

drawdown in Layer C was also paralleled by drawdown in Lower Layer A. This 

similar pattern of drawdown indicates inter-aquifer communication between Lower 

Layer A and Layer C. As observed in the monthly monitoring data hydrographs, 

water levels in Upper Layer A did not appear influenced by drawdown in Lower 

Layer A, indicating the intervening layer is an effective confining layer. 

Drawdown and recovery data obtained from monitoring Layer C wells was 

evaluated using the Theis (see Section 3.2.1) and Hantush methods. The Hantush 

methods are described below. 

• Hantush and Jacob (1955) and Hantush (1960). The Hantush-Jacob 

and Hantush equations were developed for unsteady flow to a well in a 

semi-confined aquifer. Hantush and Jacob developed an equation for 

no storage in aquitards and Hantush developed an equation for storage 

in aquitards. An advantage of these equations is that they are used to 

evaluate data collected from a semi-confined aquifer, with or without 

storage in the aquitard. A disadvantage of the Hantush equations is 

that they were developed assuming the pumping and observation well 

are fully penetrating. 

The objective of analyzing drawdown and recovery data was to provide additional 

information regarding possible inter-aquifer communication between Layer C and 

the overlying zones of saturation and to calculate the vertical hydraulic conductivity 

of the overlying leaky confining layer and transmissivity of Layer C. 
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Water level monitoring was also performed in selected onsite wells installed in 

Upper Layer A during the Well TAC 1 A pumping test. Plots of monitoring data from 

these wells are presented in Appendix HC-F. 

3.4:2. 1 Well NMW-3C Results. Drawdown and recovery data recorded in NM~-3C 

during the TAC 1 A test was evaluated using the Theis drawdown and recovery 

equations, and the Hantush no storage in aquitard and storage in aquitard 

equations. The Hantush (no storage in aquitard) type curve fit the data set best, 

indicating possible leakage from Layer B (the aquitard) to Layer C. The fit of the 

drawdown and recovery data sets with the type curves of the Theis and Hantush 

(storage in aquitard) equations were not as closely matched. Horizontal 

transmissivity values calculated for Layer C using the latter two equations were one 

order of magnitude greater than the transmissivity calculated using the Hantush (no 

storage in the aquitard) equation. 

···· ---- An estimate of the vertical transmissivity was also calculated using the Hantush (no 
', 

( storage in the aquitard) equation. Based on this calculation, the vertical hydraulic 

conductivity of Layer B was estimated at 1.34 E-4 ft/day (4. 72 E-8 cm/sec) at this 

location. 

3.4.2.2 Well NMW-5C Results. Drawdown and recovery was monitored in 

NMW-5C throughout the TAC 1 A pumping test. However, the data set was of 

limited value for analysis because of the influence of nearby heat pump wells 

located at Tacoma Public Utilities property north of the STF site. According to 

Tacoma Public Utilities, there are five heat pump· wells used for discharge and sub

sequent recharge of groundwater. These wells had a significant effect on draw

down of the potentiometric surface of Layers A and C and appear to have distorted 

the data set for Well NMW-5C during the pumping test. 

The effects of the heat pump wells is evident in the data set after approximately 3 

days (4,300 minutes) of pumping. The drawdown data obtained from this well 

prior to operation of the heat pump wells was evaluated using the Theis equation 
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and the Hantush equation. The aquifer properties calculated are similar in 

magnitude to those calculated using data from Well NMW-3C. Data collected after 

3 days (4,300 minutes) were not evaluated due to influence from the heat pump 

wells. It is acknowledged that the information gained from this well cluster may be 

of limited value as a result of these interferences. 

3.4.2.3 Well TAC 89.5 Results. Drawdown and recovery data recorded in TAC 

89.5 during the TAC 1A pumping test was evaluated using the Theis drawdown 

and recovery equation, and the Hantush (no storage in aquitard and storage in 

aquitard) equation. As with data collected from NMW-3C, the type curve for the 

Hantush (no storage in aquitard) equation provided the best fit for the data set. 

This fit may indicate leakage from Layer B to Layer C. Vertical hydraulic conductivi

ty of Layer B was estimated at 4.44 E-3 ft/day (1.57 E-6 cm/sec) using the 

Hantush equation. 

Estimates of the vertical hydraulic conductivity of the aquitard (Layer B) ranged 

from 1.34 E-4 ft/day to 4.44 E-3 ft/day. Well TAC 1A aquifer test results also 

indicated the horizontal transmissivity of Layer C is approximately 70,000 gpd/ft. 

The analyses of the NMW-3C, NMW-5C, and TAC 89.5 data are presented in 

Appendix HC-G. 
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4.0 DISCUSSION AND CONCLUSIONS 

A discussion of the results of the Hydraulic Characterization Investigation are 

presented in this section. In addition, conclusions based on these results and the 

results of previous investigations performed at and in the vicinity of the STF site are 

presented. 

4.1 HYDROGEOLOGIC CONDITIONS 

Hydrogeologic conditions encountered at the STF site are summarized below. The 

following discussions focus on the occurrence of groundwater, horizontal and 

vertical gradients observed in Upper Layer A, and a conceptual model of the 

·regional groundwater flow system. 

4. 1.1 Occurrence of Groundwater 

Groundwater is encountered in two zones of saturation (Layer A and Layer C) in the 

first 200 feet of subsurface material encountered as part of the STF Phase I 

Groundwater Investigation (see Section 1.6.2). The hydrostratigraphic layers, the 

sequence in which they were encountered, and their correlation to lithologic units 

identified in central Pierce County are summarized in Table HC-10. 
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TABLE HC-10 

SUMMARY OF HYDROSTRATIGRAPHIC LAYERS 

Hydrostratlgraphic Unit Soil Description 
Layer Unit Designation Thickness'•' 

Layer A (Upper) Vashon Drift 62-101 Poorly graded sand 
(Colvos Sand Member) with silt and gravel. 

Layer A 1 Discovery Nonglacial Unit 0-33 Clay, silt and sand. 
Narrows Glacial Unit 6-12.5 Silt. 

Layer A (Lower) Narrows Glacial Unit 59-67.5 Gravel. 

Layer B Kitsap Formation 2-15 Silt and clay. 

Layer C Fleet Creek Glacial Unit 1oolbl Cobbles and gravel. 

(al Unit thicknesses are based on field observations made during the STF Phase I Groundwater 
Investigation, Kennedy/Jenks Consultants (1992a). 

(bl Layer C was penetrated approximately 25 feet during the STF Phase I Groundwater 
Investigation. 

In the vicinity of the South Tacoma Channel, aquifer units appear to be laterally 

continuous in the vicinity of the investigation area, with the exception of Layer A1 • 

Information collected during the RI is insufficient to c.onfirm the lateral continuity of 

the confining layer (Layers A, and B) across the site. According to Brown and 

Caldwell (1985), Layer A 1 appears to pinch out east of the site. Based on the 

Phase I Groundwater Investigation, Layer A 1 appears to thin out in the northern 

portion of the site at well NMW-5C. However, it is much thinner in the South 

Tacoma Channel than observed elsewhere. Layer B typically ranges in thickness 

from 50 to 150 feet in the Chambers/Clover Creek drainage area (Brown and 

Caldwell 1985). At the STF site, Layer 8 was observed to range in thickness from 

two feet at Well NMW-3C to approximately 1 5 feet at Well NMW-5C. Layer C is 

also laterally continuous in the vicinity of the site and reportedly ranges in thickness 

from 50 to 180 feet (Brown and Caldwell 1985). 
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,,,J Layer A has been divided into an upper portion (Upper Layer A, which is uncon

fined), and a lower portion (Lower Layer A, which is likely semi-confined to 

confined). Wells NMW-3B and NMW~SB are installed in this zone. The two 

portions of Layer A are separated by Layer A,. Based on the results of monthly 

groundwater monitoring and aquifer testing, Layer A, is effective at limiting 

hydraulic communication between Upper and Lower Layers A at the site. 

Groundwater in Layer C occurs under confined conditions. 

4.1.2 Groundwater Recharge 

Onsite recharge to Layer A is from infiltration of precipitation and stormwater 

runon. Using a reported annual precipitation of 37 .06 inches and an evapotrans

piration rate of 21 inches per year (Brown and Caldwell 1985), approximately 

114,000,000 gallons of water might percolate to groundwater from precipitation. 

Based on the estimated size of the drainage basin, net stormwater runon (i.e., 

runon entering from drainage culverts in the northern portion of the site minus 

stormwater that discharges at the southern end of the site) from offsite sources is 

estimated at approximately 85,000,000 gallons per year (Kennedy/Jenks 

Consultants 1992c). Using a rough estimate rate of 60 percent evapotranspiration, 

an estimated 34,000,000 gallons of stormwater runon might percolate through the 

vadose zone and eventually recharge groundwater. Therefore, total recharge to 

shallow groundwater (Upper Layer A) from surface water runon and precipitation is 

estimated at approximately 150,000,000 gallons annually. This estimate is likely 

accurate to approximately one order of magnitude. 

Approximately 2.02 billion gallons of water are held in storage in interstitial spaces 

of the porous media of the upper portion of Layer A. This calculation was based on 

the following assumptions: 

• Site area is approximately 261 acres 
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• Upper Layer A has a saturated thickness of 65 feet 

• Average porosity is 36.5 percent. 

Using these approximate runon and evapotranspiration values, the estimated 

volume of annual recharge through onsite percolation (approximately 150 million 

gallons) amounts to less than 7 percent of the volume of water held in storage in 

Upper Layer A. 

4. 1.3 Estimated Groundwater Flow 

To the south of the STF site, the direction of the hydraulic gradient is towards the 

north to northwest (Griffin et al. 1962). The same gradient is observed in Upper 

Layer A at the site. To the north of the site, a broad groundwater mound has been 

identified which corresponds to a topographic high. The hydraulic gradient of the 

southern portion of the mound is to the south. As a result, the mound reportedly 

serves as a recharge source to the South Tacoma Channel (Brown and Caldwell 

1985). 

Potentiometric surface maps from previous investigations (Brown and Caldwell 

1985) indicate that the South Tacoma Channel is the vicinity of a groundwater 

mound. The mound is generally oblong in shape and may be caused by conver

gence of groundwater flow from the north and south as well as significant onsite 

recharge of surface water. Available information indicates that the hydraulic 

gradient to the west of the channel is toward the west and on the east side of the 

channel the hydraulic gradient is toward the east. Therefore, it appears that a 

groundwater divide occurs in the vicinity of the site. The axis of the divide is 

oriented north-south and appears to shift either east or west seasonally. 

Based on this conceptual model, during static (non-pumping) conditions the 

predominant direction of groundwater flow at the site is toward the north to 
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northwest in the direction of the hydraulic gradiel')t. Along the eastern and western 

margins of the mound (which are typically offsite), groundwater is expected to flow 

to the east and to the west, respectively. 

The STF site is located adjacent to (west of) a municipal wellfield operated by 

Tacoma Public Utilities. Wells in the wellfield are installed in both Layer A and 

Layer C. Groundwater is pumped primarily in the spring and summer months (May 

through September). When seasonal groundwater pumping is conducted in Layer A 

wells, a large cone of depression forms around Wells TAC 4A, TAC 11 A, and 

TAC 6A. The size of the cone of depression increases as the summer progresses 

and by August and September it appears that cone of depression may extend to the 

eastern boundary of the Tacoma Landfill investigation area. As a result, ground

water below the Tacoma Landfill, which typically flows to the west toward Puget 

Sound, may be reversed and flow toward the STF site. 

Pumping of water supply wells in Layer C also results in a regional lowering of the 

potentiometric surface of this layer. The vertical conductivity of Layer B (the 

confining layer) was estimated at approximately 1 .4 E-4 ft/day at Well NMW-3C 

(see Section 3.4). This estimate was based on the results of the TAC 1A aquifer 

test. Based on this vertical conductivity, a leakage velocity from Lower Layer A to 

Layer C was developed. Because Layer B varies in thickness across the site from 2 

feet at Well NMW-3C to 15 feet at Well NMW-5C, calculating a leakage volume for 

the entire site is impractical given the limited data. Therefore, Table HC-11 

presents minimum and maximum leakage velocities (ft/day) for the different site 

conditions encountered. 
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TABLE HC-11 

ESTIMATED MAXIMUM AND MINIMUM LEAKAGE VELOCITY THROUGH LA YER B. 

Well Location Head Differentia11•1 (feet) Estimated Leakage Velocitylb1 (ft/day) 

NMW-3C (Minimum) 0.27 1.8 E-5 
NMW-3C (Maximum) 16.66 1.1 E-3 

NMW-5C (Minimum) 10.95 9.8 E-5 
NMW-5C (Maximum) 27.87 2.4 E-4 

(al The head differential is between Lower Layer A and Layer C. 
(bl Estimated velocity was calculated using a Layer B thickness of 2 feet at Well NMW-3C and 

15 feet at Well NMW-5C. 

As indicated in Table HC-11, these leakage velocities are over six orders of magni

tude less than the seepage velocities used to estimate horizontal flow. As a result, 

there is a much greater tendency for groundwater to flow laterally than to pass 

through the confining layer. 

4.2 CONCLUSIONS 

The following conclusions have been developed based on the findings of this 

investigation. Conclusions are divided into the investigative task from which data 

were developed. 

4.2. 1 Water Level Monitoring 

• The predominant direction of the hydraulic gradient in Layer A, and pre

sumed direction of shallow groundwater flow, is toward the north to 

northwest. The magnitude of the hydraulic gradient fluctuates both spatially 

and seasonally from 0.0004 to 0.001 ft/ft. 

• The STF site lies in the vicinity of a groundwater mound that is oblong in 

shape and oriented north-south. The axis of the mound forms a regional 

RI APPENDIX HC 
FINAL REPORT HC4-6 916055.09 



Kennedy/Jenks Consultants 

groundwater divide and the presumed direction of groundwater flow is east 

on the east side of the mound and west on the west side of the mound. 

The mound is likely caused by convergence of groundwater flow from north 

and south of the South Tacoma Channel. 

• Shallow groundwater flow is significantly impacted by pumping of ground

water by municipal weils to the east of the site. During the summer 

months, a cone of depression extends from the pumping wells to beyond the 

western property boundary of the site. As a result of pumping, the hydraulic 

gradient on the western side of the Tacoma Landfill is reversed. 

• There is a net downward vertical gradient from Upper Layer A to Lower 

Layer A. The head differential between these two zones of saturation 

ranged from a minimum of 0.51 feet at Well Cluster NMW-3 in the wet 

season to maximum of 39.39 feet in Well Cluster NMW-5 during the dry 

season. A net downward vertical gradient exists between Lower Layer A 

and Layer C. This head' differential ranged from 0.27 feet in Well Cluster 

NMW-3 during the wet season to 27.87 feet in Well Cluster NMW-5 during 

the dry season. 

4.2.2 Aquifer Pumping Tests 

• Based on aquifer tests performed in Upper Layer A, the estimated 

transmissivity values for Layer A ranged from 67 ,~00 gpd/ft and 71 ,000 

gpd/ft at Wells NMW-4A and NMW-3A, respectively. 

• The estimated seepage velocity ranged from 60 ft/yr to 150 ft/yr. 
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4.2.3 Slug Tests 

• Based on slug test results, transmissivity values were one to two orders of 

magnitude less than those values calculated through performance of aquifer 

tests. The anomalously low transmissivity values calculated through slug 

tests may be attributed to the high hydraulic conductivity of the formation 

and that slug tests may only test the filter pack of the wall. 

4.2.4 Inter-Aquifer Communication 

• Statistical analysis of monthly groundwater level monitoring data was 

inconclusive in identifying areas of enhanced leakage from Upper Layer A to 

the lower-lying saturated zones. 

• Visual examination of water level monitoring hydrographs show significant 

head fluctuations in Lower Layer A (Wells NMW-38 and NMW-58) during 

seasonal groundwater removal in Layer C, indicating communication 

between the two zones of saturation (i.e., Lower Layer A and Layer C). 

Based on visible examination, it appears that communication between the 

two zones (Lower Layer A and Layer C) is greater in the south at Well 

NMW-3C, and less in the northern portion of the site at Well NMW-5C. This 

corresponds with lithologic conditions that indicate Layer B is approximately 

2 feet thick at Well NMW-3C and 15 feet thick at Well NMW-5C. 

• Hydrographs also indicate little head fluctuation between Upper Layer A and 

Lower Layer A, indicating limited, if any, communication between the two 

zones of saturation. Lithologic information indicates that Layer A, is approx

imately 37 feet thick at Well Cluster NMW-3 and 6 feet thick at Well Cluster 

NMW-5. Although, quantification of the vertical conductivity of Layer A, is 

not possible with available information, lithologic information and the water 
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level monitoring data indicate that this unit is an effective confining layer 

between Upper Layer A and the lower-lying zones. 

• Analysis of aquifer test data from Well TAC 1 A indicate leakage from Lower 

Layer A to Layer C in the vicinity of Well Clusters NMW-3 and TAC 89.5. 

Estimates of vertical conductivity for Layer B at these two locations ranged 

from 1.34 E-03 ft/day to 4.44 E-04 ft/day, respectively. These conductivity 

values are approximately six to seven orders of magnitude lower than 

horizontal conductivity values calculated for Layer C. Test results for Well 

Cluster NMW-5 were influenced from operation of heat pump wells at 

Tacoma Public Utilities and cannot be used to estimate possible leakage in 

the northern portion of the STF site . 
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TACOMA LANDFILL 
QUARTERLY WATER LEVEL MONITORING DATA 
10 MAY 1991 

WELL ID EASTING NORTHING W.S.E 
(ft)[a] (ft)[a] (ft) [b] 

TL-1A 1142422.00 697824.50 220.37 
TL-2A 1142387.84 698175.51 221.10 
TL-3A 1141887.81 697417.50 220.30 
TL-4A 1142566.81 696402.49 219.53 
TL-5A 1141899.79 696149.48 201.78 
TL-7A 1141235.76 694678.46 191.90 
TL-BA 1143255.79 694157.47 220.30 
TL-9A 1142115.75 693001.45 218.70 
TL-10A 1142319.78 694707.47 219.55 
TL-11A 1143505.n 692421.46 220.21 
TL-12A 1144243.80 693554.48 220.98 
TL-13A 1144909.82 693753.48 222.90 
TL-15A 1144291.85 695971.51 220.21 
TL-17A 1143512.88 699075.53 220.99 
TL-18A 1145139.88 696961.53 220.73 
TL-19A 1141607.74 693110.45 206.89 
TL-20A 1141462.73 692292.44 215.00 
TL-21A 1141073.69 690n2.42 200.86 
TL-22A 1142627.74 692065.44 218.11 
TL-23A 1144816.78 691791.46 222.54 
TL-24A 1142043.72 691051.43 215.29 

[a] Horizontal survey based on State Plane Coordinates 
[b] Vertical datum based on New City of Tacoma 1990. 



TACOMA LANDFILL 
QUARTERLY WATER LEVEL MONITORING DATA 
21 AUGUST 1991 

WELL ID EASTING NORTHING W.S.E 
(ft)[a] (ft)[a] (ft)[b] 

TL-7A 1141235.76 694678.46 190.13 
TL-9A 1142115.75 693001.45 217.55 
TL-10A 1142319.78 694707.47 217.80 
TL-11A 1143505.n 692421.46 217.44 
TL-12A 1144243.80 693554.48 215.83 
TL-13A 1144909.82 693753.48 213.63 
TL-14A 1145090.85 695468.51 215.73 
TL-15A 1144291.85 695971.51 217.01 
TL-17A 1143512.88 699075.53 220.01 
TL-18A 1145139.88 696961.53 217.80 
TL-19A 1141607.74 693110.45 205.27 
TL-21A 1141073.69 690n2.42 199.47 
TL-22A 1142627.74 692065.44 217.89 
TL-23A 1144816.78 691791.46 216.12 
TL-24A 1142043.72 ~1051.43 216.38 
LW-1 1144026.87 697517.52 216.02 

[a] Horizontal survey based on State Plane Coordinates. 
[b] Vertical datum based on New City of Tacoma 1990. 



(~ TACOMA LANDFILL 
QUARTERLY WATER LEVEL MONITORING DATA 
5-13 NOVEMBER 1991 

WELL ID EASTING NORTHING W.S.E 
(ft)(a] (ft)[a] (ft)[b] 

TL-1A 1142421.83 697824.51 216.94 
TL-2A 1142387.84 698175.51 218.32 
TL-3A 1141887.81 697417.50 216.49 
TL-4A 1142566.81 696402.49 215.59 
TL-7A 1141235.76 694678.46 191.94 
TL-BA 1143255.79 694157.47 215.16 
TL-9A 1142115.75 693001.45 214.16 
TL-10A 1142319.78 694707.47 214.96 
TL-11A 1143505.n 692421.46 214.62 
TL-12A 1144243.80 693554.48 215.15 
TL-13A 1144909.82 693753.48 216.07 
TL-14A 1145090.85 695468.51 216.01 
TL-15A 1144291.85 695971.51 215.80 
TL-17A 1143512.88 699075.53 218.11 
TL-18A 1145139.88 696961.53 216.83 
TL-19A 1141607.74 693110.45 203.31 
TL-20A 1141462.73 692292.44 211.70 
TL-21A 1141073.69 690n2.42 199.18 
TL-22A 1142627.74 692065.44 214.36 
TL-23A 1144816.78 691791.46 215.40 
TL-24A 1142043.72 691051.43 214.04 

[a] Horizontal survey based on State Plane Coordinates. 
[b] Vertical datum based on New City of Tacoma 1990. 



TACOMA LANDFILL 
QUARTERLY WATER LEVEL MONITORING DATA 

,-

3-10 FEBRUARY 1992 

WELL ID EASTING NORTHING W.S.E 
(ft)[a] (ft)[a] (ft)[b] 

TL-1A 1142421.83 697824.51 218.01 
TL-2A 1142387.84 698175.51 218.84 
TL-3A 1141887.81 697417.50 218.32 
TL-4A 1142566.81 696402.49 217.52 
TL-7A 1141235.76 694678.46 192.40 
TL-BA 1143255.79 694157.47 217.92 
TL-9A 1142115.75 693001.45 216.21 
TL-10A 1142319.78 694707.47 217.14 
TL-11A 1143505.n 692421.46 216.83 
TL-12A 1144243.80 693554.48 218.55 
TL-13A 1144909.82 693753.48 220.99 
TL-14A 1145090.85 695468.51 219.51 
TL-15A 1144291.85 695971.51 217.86 
TL-16A 1145170.91 698482.54 218.78 
TL-17A 1143512.88 ~99075.53 219.22 
TL-18A 1145139.88 696961.53 218.87 
TL-19A 1141607.74 693110.45 209.29 
TL-20A 1141462.73 692292.44 213.28 
TL-21A 1141073.69 690n2.42 200.03 · 
TL-22A 1142627.74 692065.44 215.44 
TL-23A 1144816.78 691791.46 220.12 
TL-24A 1142043.72 691051.43 213.23 
LW-1 1144026.87 697517.52 216.43 

(a] Horizontal survey based on State Plane Coordinates. 
(b] Vertical datum based on New City of Tacoma 1990. 
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NMW-3A PUMP TEST 

PRECIPITATION AND BAROMETRIC PRESSURE 

Page 1 of 2 

Start Date: 12/04/91 
Stqp Date: 12/06/91 

Date 

12/04/91 

12/05/92 

·Time 

10:45 

11:10 

11:41 

12:10 

12:42 

13:55 

14:35 

15:30 

16:30 

17:32 

18:30 

19:30 

20:30 

21:30 

22:30 

23:30 

00:30 

1:30 

2:30 

3:30 

4:30 

5:30 

6:30 

7:30 

8:30 

9:30 

10:30 

11:30 

12:30 

13:30 

14:30 

15:30 

16:30 

Precipitation 
(inches) 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

·O 

0 

0.11 

0.21 

0.27 

0.30 

0.31 

0.34 

0.36 

0.38 

0.41 

0.44 

0.50 

0.53 

0.56 

0.60 

0.69 

0.70 

Start Time: 10:45 a.m. 
Stop Time: 10:30 a.m. 

Barometric Pressure 
(In. Hg.) 

Start Te~ 

29.95 

29.95 

29.95 

29.96 

29.95 

29.95 

29.95 

29.95 

29.95 

29.89 

29.89 

29.88 

29.87 

29.85 

29.84 

29.84 

29.83 

29.78 

29.73 

29.70 

29.65 

29.63 

29.61 

29.59 

29.58 

29.57 

29.57 

29.51 

29.51 

29.48 

29.49 

29.50 

916055.09 



NMW-3A PUMP TEST 

PRECIPITATION AND BAROMETRIC PRESSURE 

Page 2 of 2 

Precipitation Barometric Pressure 
Date Time (inches) (In. Hg.) 

12/05/92 17:30 0.70 29.52 

18:30 0.70 29.53 

19:30 0.74 29.55 

20:30 0.74 29.56 

21:30 0.74 29.56 

22:30 0.74 29.56 

23:30 0.74 29.63 

12/06/92 00:30 0.74 29.66 

1:30 0.74 29.67 

2:30 0.74 29.67 

3:30 0.74 29.67 

4:30 0.74 29.64 

5:30 0.74 29.62 

6:30 0.74 29.60 

'7:30 0.74 29.58 

8:30 0.72 29.58 

9:30 0.72 29.57 

10:30 0 .. 72 29.57 

916055.09 



NMW-4A PUMP TEST 

PRECIPITATION AND BAROMETRIC PRESSURE 

Page 1 of 2 

Start Date: 12/11/91 
Stop Date: 12/13/91 

Data 

12/11/91 

12/12/91 

Time 

10:20 

10:22 

10:26 

10:28 

10:30 

10:32 

10:39 

10:46 

10:52 

10:57 

11:05 
11 :17 

11:30 

11:55 
12:55 

13:55 
14:55 
15:55 
16:55 
17:55 

18:55 
19:55 
20:55 
21:55 
22:55 
23:55 
00:55 

1:55 

2:55 
3:55 
4:55 
5:55 
6:55 
7:55 
8:55 
9:55 

10:55 

11:55 

Precipitation 
(inches) 

0 

0 

0 

0 

0 
0 

0 

0 

0 

0 

0 

0 

0 
0 

0 
0 

0 

0 

0 
0 

0 

0 

0 

0 

0.015 

0.020 

0.020 

0.020 

0.025 
0.038 

0.050 
0.059 

0.075 
0.075 

0.075 

0.100 

0.100 

Start Time: 10:20 a.m. 
Stop Time: 1 :15 p.m. 

Barometric Pressure 
(In. Hg.) 

Start Test 

29.5 

29.5 

29.5 

29.5 

29.5 
29.5 
29.5 
29.5 

29.5 
29.5 
29.5 
29.5 
29.5 
29.8 
29.8 
29.8 
29.9 
30.0 

30.1 

30.3 

30.05 

30.04 

30.02 

29.98 
29.94 
29.89 
29.86 
29.80 
29.76 
29.76 
29.79 
29.80 
29.83 
29.86 
29.85 
29.86 
29.89 

916055.09 



NMW-4A PUMP TEST 

PRECIPITATION AND BAROMETRIC PRESSURE 

Page 2 of 2 

Precipitation Barometric Pressure· 
Date Time (inches) (In. Hg.) 

12/12/91 12:55 0.100 29.93 

13:55 0.100 29.98 

14:55 0.100 30.03 
15:55 0.100 30.09 
16:55 0.100 30.15 
17:55 0.100 30.18 
18:55 0.100 30.23 

19:55 0.100 30.30 
20:55 0.100 30.34 

21:55 0.100 30.38 
22:55 0.100 30.42 

23:55 0.100 30.46 

12/13/91 00:55 0.100 30.47 

1:55 0.100 30.49 
2:55 0.100 30.51 
3:55 0.100 30.53 
4:55 0.100 30.53 

~:55 0.100 30.55 
6:55 0.100 30.57 
7:55 0.100 30.58 
8:55 0.100 30.58 
9:55 0.100 30.58 
11:02 0.10 30.58 
11:58 0.01 30.56 
12:53 0.01 30.56 
13:15 Pumping Stopped 

916055.09 
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Monthly Water E:1dVations (NMW-2A) 
South Tacoma Field 
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Monthly Water E:n:;)Vations (NMW-3A) 
South Tacoma Field 
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Monthly Water E:1~vation~ (NMW-38) 
South Tacoma Field 
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Monthly Water E1~vations (NMW-3C) 
South Tacoma Field 

M-,, 

225.---------------------
220-t-----:------------------_J 

§' 215 I \ J + T · \ I 
~ 210-t-----+---------,,~-~---I-----~ 
m 205-t-----+---______;_--=,=. ___ ---+---1--------1 

Lf 200;--------.l\----------l-,-----\---l--__:__-----J ......, 
a 1s5-t-----+--------f-----4--1------.I 
~ 190-t-----+------+-------\.-1--------.1 
> 
~ 185-+------+-----.,__ __________ _.. 

co 180-+-----~----,,,,r;.~--------------1 
~ 

~ 175 
170-+--------------------~ 

165-+----------------------~ 
Apr-91 Jun-91 Aug-91 Oct-91 Dec-91 Jan-92 Apr-92 

Month, Year 

1 NMW-3C 



,c--~ 

Monthly Water E:,cvations (NMW-4A) 
South Tacoma Field 
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Monthly Water E:,cvations (NMW-5A) 
South Tacoma Field 
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Monthly Water E:n:~vations (NMW-6A) 
South Tacoma Field 
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Monthly Water E:1evations (NMW-7A) 
South Tacoma Field 
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Monthly Water l,dvations (CBS-1 A) 

South Tacoma Field 
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Monthly Water E:n:ivations (CBS-2A) 
South Tacoma Field 
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Monthly Water E:_,.~vations (CBS-3A) 
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Monthly Water E:,dvations (CBS-4A) 

South Tacoma Field 
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Monthly Water ~,evations (CBS-5A) 
South Tacoma Field 
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Monthly Water E1t='Vations (CBS-6A) 
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Monthly Water E:1dvations (CBS-7 A) 
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Monthly Water l.dvations (CBS-BA) 
South Tacoma Field 
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Monthly Water L.levations (CBS-9A) 
South Tacoma Field 
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Monthly Water E:,dvations (CBS-11 A) 
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Monthly Water E:..dvations (CBS-12A) 
South Tacoma Field 
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Monthly Water t:1evatio-ns (MW-1 A) 
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Monthly Water 1::1evations (MW-3A) 
South Tacoma Field 
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AQTESOLV RESULTS 
Version 1.10 

7/27/92 

========-----------------------=--============================================ 
TEST DESCRIPTION 

ata set ..•..•.•••• b:\3a_dd.aqt 
ata set title .•••• STF AQUIFER.TEST, 3A DATA, 3A DRAWDOWN 

nowns and Constants: 
No. of data points •••••••••••••••.•. 281 
Pumping rate. . . . . . . . . . . . . . . . . . . . . . . . 8. 02 
Radius (distance) to obs. well ••••.• 0.5 
Aquifer saturated thickness ••••...•. 58.47 

============================================================================= 
ANALYTICAL METHOD 

heis (Unconfined Aquifer) 

RESULTS FROM STATISTICAL CURVE MATCHING 

rATISTICAL MATCH PARAMETER ESTIMATES 

T = 
s = 

Estimate 
2.8989E+000 +/-
2.6961E-005 +/-

iALYSIS OF MODEL RESIDUALS 

Std. Error 
-6.2220E-002 
9.7267E-006 

asidual = calculated - observed 
aighted residual= residual* weight 

aighted Residual Statistics: 
Number of residuals .•••••••••••••• 281 
Number of estimated parameters •••• 2 
Degrees of freedom .••••••••••••••• 279 
Residual mean ••.••.••••••••••••.•• -l.987E-005 
Residual standard deviation ••••••• 0.2712 
Residual variance ••.••••.••••.•••• 0.07355 

>del Residuals: 

Time 

6E-005 
0.01734 
0.03462 

Observed 

0.758 
1.8408 
2.4761 

Calculated 

0.90285 
2.1819 
2.3403 

Residual 

-0.14485 
-0.34115 

0.13581 

Weight 

1 
1 
1 

( 



0.05046 2.772 2.4268 0.34525 1 
0.06774 2.9236 2.4944 0.42917 1 
0.08358 2.9958 2.5428 0.45302 1 

/~ 0.10086 3.003 2.586 0.41695 1 
0.1167 2.9597 2.6197 0.34004 1 

0.13398 2.9597 2.6515 0.30821 1 
0.15126 2.9525 2.6795 0.27303 1 
0.18726 2.9597 2.7288 0.23095 1 
0.19878 2.9308 2.7425 0.18826 1 
0.21174 2.9742 2.7571 0.21707 1 

0.2247 2.9742 2.7709 0.20334 1 
0.23766 2.9742 2.7838 0.19038 1 
0.24918 2.9453 2.7948 0.15054 1 

0.2679 2.9525 2.8115 0.14098 1 
0.28374 2.9453 2.8248 0.1205 1 
0.30102 2.9381 2.8385 0.09962 1 
0.31686 2.9381 2.8503 0.087753 1 
0.33414 2.9381 2.8626 0.075462 1 
0.35142 2.9381 2.8743 0.063789 1 
0.36726 2~9453 2.8845 0.06078 1 
0.38454 2.9453 2.8952 0.050132 1 
0.40038 2.9453 2.9045 0.040782 1 
0.41766 2.9381 2.9143 0.023792 1 

0.4335 2.9381 2.9229 0.015167 1 
0.45078 2.9525 2.932 0.020508 1 
0.46806 2.9597 2.9407 0.018988 1 

0.4839 2.9597 2.9484 0.011273 1 
0.50118 2.9742 2.9566 0.017638 1 
0.51702 2.9742 2.9638 0.010422 1 

0.5343 2.9814 2.9714 0.0099972 1 
( 0.55014 2.9886 2.9782 0.010421 1 

0.56742 2.9886 2.9854 0.0032461 1 
0.5847 3.0175 2.9923 0.025186 1 

0.60054 3.0319 2.9985 0.033383 1 
0.61782 3.068 3.0051 0.0629 1 
0.63366 3.0897_ 3.011 0.078725 1 
0.65094 3.1041 3.0172 0.08688 1 
0.66678 3.1185 3.0228 0.095698 1 
0.68406 3.1402 3.0287 0.11146 1 
0.10134 3.133 3.0345 0.098466 1 
0.71718 3.1691 3.0397 0.12938 1 
0.73446 3.2196 3.0453 0.17435 1 

0.7503 3.2557 3.0502 0.20549 1 
0.76758 3.299 3.0555 0.24351 1 
0.78342 3.3351 3.0602 0.27486 1 

0.8007 3.3784 3.0653 0.31309 1 
0.8367 3.3928 3.0755 0.31727 1 

0.84966 3.3928 3.0791 0.3137 1 
0.86262 3.4001 3.0826 0.31748 1 
0.87414 3.3856 3.0857 0.2999 1 

0.8871 3.3928 3.0891 0.30368 1 
0.89862 3.3712 3.0921 0.27908 1 
0.91734 3.3712 3.0969 0.27429 1 
0.93462 3.364 3.1013 0.26275 1 
0.95046 3.3568 3.1052 0.25164 1 

( 0.96774 3.3062 3.1093 0.19685 1 
1.0513 3.234 3.1286 0.1054 1 
1.1333 3.2557 3.1461 0.10961 1 
1.2169 3.299 3.1626 0.13636 1 
1.3004 3.3784 3.1781 0.20031 1 



1.3839 3.4073 3.1926 0.21472 1 
1.4674 3.4289 3.2062 0.22267 1 
1.5509 3.4506 3.2191 0.23148 1 
1.6345 3.4434 3.2313 0.21205 1 
1.718 3.4506 3.243 0.20764 1 

1.8001 3.4578 3.2538 0.20396 1 
1.8836 3.465 3.2644 0.20059 1 
1.9685 3.4362 3.2747 0.1615 1 
2.4668 3.4506 3.3273 0.12325 1 
2.9679 3.4578 3.3705 0.087266 1 
3.4676 3.4867 3.4069 0.079802 1 
3.9673 3.5156 3.4384 0.077223 1 
4.4669 3.5156 3.4661 0.049468 1 
4.9681 3.4795 3.491 -0.011521 1 
5.4677 3.4939 3.5135 -0.019564 1 
5.9674 3.5011 3.534 -0.032851 1 
6.4671 3.5011 3.5528 -0.051696 1 
6.9668 3.5156 3.5702 -0.054644 1 
7.4679 3.5156 3.5865 -0.070932 1 
7.9676 3.5156 3.6017 -0.086125 1 
8.4673 3.5228 3.616 -0.093197 1 
8.9669 3.5372 3.6295 -0.092254 1 
9.4681 3.5372 3.6422 -0.10502 1 
9.9677 3.5228 3.6543 -0.1315 1 
10.467 3.5444 3.6658 -0.12138 1 
10.967 3.5589 3.6767 -0.11784 1 
11.467 3.5589 3.6872 -0.12831 1 
11.968 3.5661 3.6973 -0.13116 1 
12.468 3.5661 3.7069 -0.14077 1 
12.967 3.5661 3.7161 -0.15001 1 
13.467 3.5661 3.725 -0.1589 1 
13.968 3.5733 3.7336 -0.16029 1 
14.468 3.5805 3.7419 -0.16135 1 
14.967 3.5805 3.7498 -0.16934 1 
15.467 3.5878 3.7576 -0.16977 1 
15.967 3.595 3.765 -0.17005 1 
16.468 3.6022 3.7723 -0.17012 1 
16.968 3.6022 3.7794 -0.17716 1 
17.467 3.6094 3.7862 -0.17679 1 
17.967 3.6094 3.7928 -0.18343 1 
18.468 3.6094 3.7993 -0.1899 1 
18.968 3.6166 3.8056 -0.18899 1 
19.467 3.6166 3.8117 -0.19511 1 
19.967 3.6238 3.8177 -0.19388 1 
20.467 3.6238 3.8235 -0.1997 1 
20.969 3.6311 3.8292 -0.19812 1 
21.967 3.6383 3.8402 -0.20187 1 
22.968 3.6383 3.8507 -0.21237 1 
23.967 3.6599 3.8607 -0.20081 1 
24.967 3.6672 3.8703 -0.20314 1 
25.968 3.6816 3.8796 -0.19801 1 
26.967 3.6672 3.8885 -0.22131 1 
27.968 3.6816 3.8971 -0.21551 1 
28.967 3.6888 3.9054 -0.21659 1 
29.968 3.6816 3.9134 -0.2318 1 
30.967 3.6816 3.9211 -0.23954 1 
31.968 3.696 3.9286 -0.23265 1 
32.967 3.7105 3.9359 -0.22541 1 
33.967 3.7105 3.943 -0.23246 1 
34.968 3.7105 3.9498 -0.23932 1 



35.967 3.7321 3.9565 -0.22437 1 
36.968 3.7393 3.963 -0.22365 1 
37.967 3.761 3.9693 -0.20825 1 

• .,..-<•·», • ..,~. 

38.968 3.7321 3.9754 -0.2433 1 r"'\ 39.967 3.7321 3.9814 -0.24928 1 
40.968 3.7393 3.9872 -0.24792 1 
41.967 3.7393 3.9929 -0.25362 1 
42.967 3.7393 3.9985 -0.25918 1 
43.968 3.7538 4.0039 -0.25012 1 
44.967 3.7393 4.0092 -0.26993 1 
45.968 3.7682 4.0144 -0.24623 1 
46.967 3.7899 4.0195 -0.22962 1 
47.968 3.7827 4.0245 -0.2418 1 
48.967 3.7682 4.0294 -0.26118 1 
49.968 3.7827 4.0342 -0.25146 1 
50.967 3.7899 4.0388 -0.24895 1 
51.967 3.7827 4.0434 -0.26074 1 
52.968 3.7971 4.048 -0.25085 1 
53.967 3.7971 4.0524 -0.25527 1 
54.968 3.8043 4.0567 -0.25242 1. 
55.967 3.8043 4.061 -0.25668 1 
56.968 3.8404 4.0652 -0.22477 1 
57.967 3.8548 4.0693 -0.21449 1 
58.968 3.8621 4.0733 -0.21124 1 
59.967 3.8621 4.0773 -0.21522 1 

60.97 3.8765 4.0812 -0.20474 1 
65.968 3.8837 4.0999 -0.21619 1 
70.968 3.8909 4.1172 -0.22629 1 
75.967 3.9126 4.1333 -0.22071 1 
80.967 3.927 4.1484 -0.22142 1 
85.968 3.9415 4.1626 -0.22112 1 
90.968 3.9487 4.176 -0.22732 1 
95.967 3.9559 4.1887 --0.23281 1 
100.97 3.9776 4.2008 -0.22315 1 
105.97 3.9848 4.2122 -0.22742 1 
110.97 3.9992 4.2232 -0.22396 1 
115.97 4.0137 4.2336 -0.21992 1 
120.97 4.0137 4.2436 -0.22994 1 
125.97 4.0209 4.2533 -0.23235 1 
130.97 4.0281 4.2625 -0.2344 1 
135.97 4.0353 4.2714 -0.23609 1 
140.97 4.0353 4.28 -0.24467 1 
145.97 4.0425 4.2882 -0.24575 1 
150.97 4.057 4.2963 -0.23925 1 
155.97 4.0642 4.304 .;.0.2398 1 
160.97 4.0714 4.3115 -0.2401 1 
165.97 4.0714 4.3188 -0.24736 1 
170.97 4.0858 4.3258 -0.24002 1 
175.97 4.0786 4.3327 -0.25408 1 
180.97 4.1075 4.3393 -0.23184 l 
195.97 4.1292 4.3583 -0.22908 1 
210.97 4.1508 4.3758 -0.22502 1 
225.97 4.1147 4.3922 -0.27747 1 
240.97 4.1725 4.4075 -0.23497 1 
255.97 4.1797 4.4219 -0.24215 1 

( 270.97 4.1725 4.4354 -0.26292 1 
285.97 4.1941 4.4483 -0.25416 1 
300.97 4.2013 4.4604 -0.25914 1 
315.97 4.1653 4.472 -0.30673 1 
330.97 4.2374 4.4831 -0.24569 1 



345.97 4.2302 4.4937 -0.26346 1 
360.97 4.2447 4.5038 -0.25908 1 
375.97 4.288 4.5135 -0.22549 1 
390.97 4.288 4.5228 -0.23483 1 :':, 
405.97 4.3168 4.5318 -0.21501 1 ( '¾~ 

420.97 4.2808 4.5405 -0.25967 1 
435.97 4.2952 4.5488 -0.25363 1 
450.97 4.3241 4.5569 -0.23281 1 
465.97 4.3241 4.5647 -0.24062 1 
480.97 4.3385 4.5723 -0.23378 1 
495.97 4.3385 4.5796 -0.24112 1 
510.97 4.3313 4.5867 -0.25544 1 
525.97 4.3529 4.5936 -0.24075 1 
540.97 4.389 4.6004 -0.21137 1 
555.97 4.3818 4.6069 -0.2251 1 
570.97 4.3746 4.6133 -0.23867 1 
585.97 4.3529 4.6195 -0.26657 1 
600.97 4.3529 4.6255 -0.27261 1 
615.97 4.4107 4.6314 -0.2207 1 
630.97 4.4035 4.6372 -0.23366 1 
645.97 4.4107 4.6428 -o·. 23201 1 
660.97 4.4323 4.6483 -0.21596 1 
675.97 4. 5623 4.6536 -0.091331 1 
690.97 4.4829 4.6589 -0.17598 1 
705.97 4.454 4.664 -0.21002 1 
720.97 4.5118 4.669 -0.15725 1 
750.97 4.4829 4.6788 -0.1959 1 
780.97 4.4901 4.6882 -0.19808 1 
826.97 4.4901 4.7019 -0.21178 1 
856.97 4.5406 4.7104 -0.16981 1 
886.97 4.5406 4.7187 -0.17805 1 ( 
916.97 4.5623 4.7266 -0.16432 1 
946.97 4.5623 4.7343 -0.17203 1 
976.97 4.5984 4.7418 -0.1434 1 

1007 4.5912 4.749 -0.15785 1 
1037 4. 5939· 4.7561 -0.17218 1 
1067 4.6128 4.7629 ;..0.15012 1 
1097 4.6273 4.7696 -0.14226 1 
1127 4.6417 4 •. 776 -0.13433 1 
1157 4.6417 4.7823 -0.14063 1 
1187 4.6633 4.7885 -0.12517 1 
1217 4.7716 4.7945 -0.022853 1 
1247 4.7067 4.8003 -0.093593 1 
1277 4.8149 4.806 0.0089046 1 
1307 4.7428 4.8116 -0.068766 1 
1337 4.7861 4.817 -0.03091 1 
1367 4.8005 4.8223 -0.021835 1 
1397 4.8222 4.8275 -0.0053437 1 
1427 4.8222 4.8326 -0.010443 1 
1457 4.8149 4.8376 -0.022736 1 
1487 4.8294 4.8425 -0.013128 1 
1517 4.8727 4.8473 0.025377 1 
1547 4.8438 4.852 -0.008224 1 
1577 4.851 4.8566 -0.0056353 1 
1607 4.8943 4.8612 0.03314 1 
1637 4.9016 4.8656 0.035998 1 ( 
1667 4.9304 4.87 0.060437 1 
1697 5.0387 4.8742 0.16445 1 
1727 4.9738 4.8785 0.095344 1 
1757 5.0026 4.8826 0.12001 1 



1787 5.0243 4.8867 0.13764 1 
1817 5.0893 4.8907 0.19864 1 
1847 5.0532 4.8946 0.15861 1 
1877 5.0965 4.8985 0.19803 1 
1907 5.1037 4.9023 0.20142 1 
1937 5.1181 4.906 0.21207 1 
1967 5.1181 4.9097 0.20838 1 
1997 5.1253 4.9134 0.21194 1 
2027 5.1759 4.9169 0.25896 1 
2057 5.2048 4.9205 0.28433 1 
2087 5.212 4.924 0.28805 1 
2117 5.2553 4.9274 0.32791 1 
2147 5.2408 4.9308 0.31003 1 
2177 5.2697 4.9341 0.33559 1 
2207 5.313 4.9374 0. 3756· 1 
2223 5.3563 4.9391 0.41717 1 
2253 5.3636 4.9424 0.42124 1 
2283 5.443 4.9455 0.49746 1 
2313 5.4358 4.9487 0.48712 1 
2343 5.4646 4.9518 0.51282 1 
2373 5.4863 4.9548 0.53146 1 
2403 5.5079 4.9579 0.55004 1 
2433 5.5079 4.9608 0.54706 1 
2463 5.5296 4.9638 0.56581 1 
2493 5.5152 4.9667 -0. 5485 1 
2523 5.5513 4.9696 0.58172 1 
2553 5.6018 4.9724 0.62937 1 
2583 5.6595 4.9752 0.68426 1 
2613 5.5801 4.978 0.60208 1 
2643 5.6162 4.9808 0.63544 1 
2673 5.674 4.9835 0.69052 1 
2703 5.7823 4.9862 0.79613 1 
2733 5.6451 4.9888 0.65628 1 
2763 5.6884 4.9915 0.69695 1 
2793 5.9194 4.9941 0.92535 1 
2823 5.9988- 4.9966 1.0022 1 
2853 5.8111 4.9992 0.81193 1 
2883 5.8111 5.0017 0.80941 1 

=============================================================================== 
RESULTS FROM VISUAL CURVE MATCHING 
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A Q T E S O L V R E S U L T S 
Version 1.10 

7/27/92 11:12:~, 

"'''""'""""""""""'= 
TEST DESCRIPTION 

ata set ........... B:\3A DD.AQT 
ata set title ..... STF AQUIFER TEST, 3A DATA, 3A DRAWDOWN 

nowns and Constants: 
No. of data points ...••..•.......•.• 281 
Pumping rate . ............ ~ . . . . . . . . . . 8. 02 
Radius (distance) to obs. well •..... 0.5 
Aquifer saturated thickness ••••••••• 58.47 

==================================--=======--=========================== 
ANALYTICAL METHOD 

coper-Jacob (Unconfined Aquifer) 

============================================================================== 
RESULTS FROM STATISTICAL CURVE MATCHING 

rATISTICAL MATCH PARAMETER ESTIMATES 

T = 
s = 

Estimate 
2.8995E+000 +/-
2.6964E-005 +/-

~ALYSIS OF MODEL RESIDUALS 

Std. Error 
c6. 2185E-002 
9.7200E-006 

asidual = calculated - observed 
aighted residual= residual* weight 

aighted Residual Statistics: 
Number of residuals ••••••••••••••• 281 
Number of estimated parameters •••• 2 
Degrees of freedom •••••••••••••••• 279 
Residual mean ••••••.•••••••••••••• -l.487E-005 
Residual standard deviation ••••••• 0.2712 
Residual variance .•••••••••••••••• 0.07355 

,del Residuals: 

Time Observed Calculated Residual Weight 

GE-005 
0.01734 
0.03462 

0.758 
1.8408 
2.4761 

0.90071 
2.182 

2.3403 

-0.14271 
-0.34115 

0.13581 

1 
1 
1 



0.05046 2.772 2.4268 0.34524 1 
0.06774 2.9236 2.4944 0.42916 1 
0.08358 2.9958 2.5428 0.45302 1 
0.10086 3.003 2.5861 0.41695 1 
0.1167 2.9597 2.6197 0.34003 1 

0.13398 2.9597 2.6515 0.3082 1 
0.15126 2.9525 2.6795 0.27302 1 
0.18726 2.9597 2.7288 0.23094 1 
0.19878 2.9308 2.7426 0.18825 1 
0.21174 2.9742 2.7571 0.21706 1 

0.2247 2.9742 2.7709 0.20333 1 
0.23766 2.9742 2.7838 0.19037 1 
0.24918 2.9453 2.7948 0.15053 1 

0.2679 2.9525 2.8115 0.14098 1 
0.28374 2.9453 2.8248 0.12049 1 

0.30102 2.9381 2.8385 0.099612 1 
0.31686 2.9381 2.8504 0.087745 1 
0.33414 2.9381 2.8626 0.075454 1 
0.35142 2.9381 2.8743 0.063781 1 
0.36726 2.9453 2.8845 0.060772 1 

0.38454 2.9453 2.8952 0.050124 1-

0.40038 2.9453 2.9045 0.040773 1 

0.41766 2.9381 2.9143 0.023784 1 

0.4335 2.9381 2.9229 0.015159 1 

0.45078 2.9525 2.932 0.0205 1 
0.46806 2.9597 2.9407 0.01898 1 

0.4839 2.9597 2.9484 0.011265 1 
0.50118 2.9742 2.9566 0.01763 1 
0.51702 2.9742 2.9638 0.010414 1 

0.5343 2.9814 2.9714 0.0099893 1 
0.55014 2.9886 2.9782 0.010413 1 
0.56742 2.9886 2.9854 0.0032382 1 

0.5847 3.0175 2.9923 0.025178 1 
0.60054 3.0319 2.9985 0.033376 1 
0.61782 3.068 3.0051 0.062892 1 
0.63366 3.0897 3.011 0.078717 1 
0.65094 3.1041 3.0172 0.086872 1 
0.66678 3.1185 3.0228 0.09569 1 
0.68406 3.1402 3.0287 0.11145 1 
0.70134 3.133 3.0345 0.098458 1 
0.71718 3.1691 3.0397 0.12937 1 
0.73446 3.2196 3.0453 0.17434 1 

0.7503 3.2557 3.0502 0.20549 1 
0.76758 3.299 3.0555 0.2435 1 
0.78342 3.3351 3.0602 0.27485 1 

0.8007 3.3784 3.0653 0. 31"30'8 1 
0.8367 3.3928 3.0755 0.31727 1 

0.84966 3.3928 3.0791 0.31369 1 
0.86262 3.4001 3.0826 0.31748 1 

0.87414 3.3856 3.0857 0.29989 1 

0.8871 3.3928 3.0891 0.30367 1 

0.89862 3.3712 3.0921 0.27907 1 

0.91734 3.3712 3.0969 0.27428 1 

0.93462 3.364 3.1013 0.26274 1 

0.95046 3.3568 3.1052 0.25163 1 

0.96774 3.3062 3.1094 0.19684 1 
1.0513 3.234 3.1286 0.10539 1 
1.1333 3.2557 3.1461 0.1096 1 
1.2169 3.299 3.1626 0.13636 1 
1.3004 3.3784 3.1781 0.20031 1 



1.3839 3.4073 3.1926 0.21471 1 
1.4674 3.4289 3.2062 0.22266 1 
1.5509 3.4506 3.2191 0.23147 1 
1.6345 3.4434 3.2314 0.21205 1 

. ""•\ 1.718 3.4506 3.243 0.20763 1 
1.8001 3.4578 3.2538 0.20395 1 
1.8836 3.465 3.2644 0.20058 1 
1.9685 3.4362 3.2747 0.16149 1 
2.4668 3.4506 3.3274 0.12325 1 
2.9679 3.4578 3.3705 0.08726 1 
3.4676 3.4867 3.4069 0.079796 1 
3.9673 3.5156 3.4384 0.077217 1 
4.4669 3.5156 3.4661 0.049462 1 
4.9681 3.4795 3.491 -0.011526 1 
5.4677 3.4939 3.5135 -0.019569 1 
5.9674 3.5011 3.534 -0.032856 1 
6.4671 3.5011 3.5528 -0.051701 1 
6.9668 3.5156 3.5702 -0.054649 1 
7.4679 3.5156 3.5865 -0.070937 1 
7.9676 3.5156 3.6017 -0.08613 1 
8.4673 3.5228 3.616 -0.093202 1· 
8.9669 3.5372 3.6295 -0.092258 1 
9.4681 3.5372 3.6422 -0.10502 1 
9.9677 3. 522·9 3.6543 -0.1315 1 
10.467 3.5444 3.6658 -0.12139 1 
10.967 3.5589 3.6767 -0.11784 1 
11.467 3.5589 3.6872 -0.12831 1 
11.968 3.5661 3.6973 -0.13116 1 
12.468 3.5661 3.7069 -0.14077 l 
12.967 3.5661 3.7161 -0.15001 1 
13.467 3.5661 3.725 -0.1589 1 ( 13.968 3.5733 3.7336 -0.16029 1 
14.468 3.5805 3.7419 -0.16136 1 
14.967 3.5805 3.7498 -0.16935 1 
15.467 3.5878 3.7576 -0.16977 l 
15.967 3.595 3.7651 -0.17005 1 
16.468 3.6022 3.7723 -0.17012 1 
16.968 3.6022 3.7794 -0.17716 l 
17.467 3.6094 3.7862 -0.17679 1 
17.967 3.6094 3.7928 -0.18343 1 
18.468 3.6094 3.7993 -0.18991 1 
18.968 3.6166 3.8056 -0.18899 1 
19.467 3.6166 3.8117 -0.19512 1 
19.967 3.6238 3.8177 -0.19389 1 
20.467 3.6238 3.8235 '"'.'o .19971 1 
20.969 3.6311 3.8292 -0.19812 1 
21.967 3.6383 3.8402 -0.20188 l 
22.968 3.6383 3.8507 -0.21237 1 
23.967 3.6599 3.8607 -0.20081 1 
24.967 3.6672 3.8703 -0.20314 1 
25.968 3.6816 3.8796 -0.19801 1 
26.967 3.6672 3.8885 -0.22131 1 
27.968 3.6816 3.8971 -0.21551 1 
28.967 3.6888 3.9054 -0.21659 1 
29.968 3.6816 3.9134 -0.2318 1 
30.967 3.6816 3.9211 -0.23955 1 
31.968 3.696 3.9287 -0.23265 1 
32.967 3.7105 3.9359 -0.22542 1 
33.967 3.7105 3.943 -0.23247 1 
34.968 3.7105 3.9498 -0.23932 1 



35.967 3.7321 3.9565 -0.22437 1 
36.968 3.7393 3.963 -0.22366 1 
37.967 3.761 3.9693 -0.20826 1 
38.968 3.7321 3.9754 -0.2433 1 
39.967 3.7321 3.9814 -0.24928 1 
40.968 3.7393 3.9872 -0.24793 1 
41.967 3.7393 3.9929 -0.25362 1 
42.967 3.7393 .3. 9985 -0.25918 1 
43.968 3.7538 4.0039 -0.25012 1 
44.967 3.7393 4.0092 -0.26993 1 
45.968 3.7682 4.0144 -0.24624 1 
46.967 3.7899 4.0195 -0.22962 1 
47.968 3.7827 4.0245 -0.24181 1 
48.967 3.7682 4.0294 -0.26118 1 
49.968 3.7827 4.0342 -0.25147 1 
50.967 3.7899 4.0388 -0.24895 1 
51.967 3.7827 4.0434 -0.26074 1 
52.968 3.7971 4.048 -0.25085 1 
53.967 3.7971 4.0524 -0.25527 1 
54.968 3 .·8043 4.0567 -0.25242 1 
55.967 3.8043 4.061 -0.25668 1· 

56.968 3.8404 4.0652 -0.22478 1 
57.967 3.8548 4.0693 -0.21449 1 
58.968 3.8621 4.0733 -0.21124 1 
59.967 3.8621 4.0773 -0.21522 1 

60.97 3.8765 4.0812 -0.20474 1 
65.968 3.8837 4.0999 -0.21619 1 
70.968 3.8909 4.1172 -0.22629 1 
75.967 3.9126 4.1333 -0.22072 1 
80.967 3.927 4.1484 -0.22142 1 
85.968 3.9415 4.1626 -0.22112 1 
90.968 3.9487 4.176 -0.22732 1 
95.967 3.9559 4.1887 -0.23281 1 
100.97 3.9776 4.2008 -0.22315 1 
105.97 3.9848 4.2122 -0.22742 1 
110.97 3.999~ 4.2232 -0.22396 1 
115.97 4.0137 4.2336 -0.21992 1 
120.97 4.0137 4.2436 -0.22994 1 
125.97 4.0209 4.2533 -0.23235 1 
130.97 4.0281 4.2625 -0.2344 1 
135.97 4.0353 4.2714 -0.23609 1 
140.97 4.0353 4.28 -0.24467 1 
145.97 4.0425 4.2883 -0.24575 1 
150.97 4.057 4.2963 -0.23925 1 
155.97 4.0642 4.304 --0. 2398 1 
160.97 4.0714 4.3115 -0.2401 1 
165.97 4.0714 4.3188 -0.24737 1 
170.97 4.0858 4.3258 -0.24002 1 
175.97 4.0786 4.3327 -0.25408 1 
180.97 4.1075 4.3393 -0.23184 1 
195.97 4.1292 4.3583 -0.22908 1 
210.97 4.1508 4.3758 -0.22503 1 
225.97 4.1147 4.3922 -0.27747 1 
240.97 4.1725 4.4075 -0.23497 1 
255.97 4.1797 4.4219 -0.24215 1 
270.97 4.1725 4.4354 -0.26292 1 
285.97 4.1941 4.4483 -0.25416 1 
300.97 4.2013 4.4604 -0.25914 1 
315.97 4.1653 4.472 -0.30673 1 
330.97 4.2374 4.4831 -0.24569 1 



345.97 4.2302 4.4937 -0.26346 1 
360.97 4.2447 4.5038 -0.25908 1 
375.97 4.288 4.5135 -0.22549 1 
390.97 4.288 4.5228 -0.23483 1 
405.97 4.3168 4.5318 -0.21501 1 \ 
420.97 4.2808 4.5405 -0.25967 1 
435.97 4.2952 4.5488 -0.25363 1 
450.97 4.3241 4.5569 -0.23281 1 
465.97 4.3241 4.5647 -0.24062 1 
480.97 4.3385 4.5723 -0.23378 1 
495.97 4.3385 4.5796 -0.24112 1 
510.97 4.3313 4.5867 -0.25544 1 
525.97 4.3529 4.5936 -0.24075 1 
540.97 4.389 4.6004 -0.21137 1 
555.97 4.3818 4.6069 -0.2251 1 
570.97 4.3746 4.6133 -0.23867 1 
585.97 4.3529 4.6195 -0.26657 1 
600.97 4.3529 4.6255 -0.27261 1 
615.97 4.4107 4.6314 -0.2207 1 
630.97 4.4035 4.6372 -0.23366 1 
645.97 4.4107 4.6428 -0.23207 l· 
660.97 4.4323 4.6483 -0.21596 1 
675.97 4.5623 4.6536 -0.09133 1 
690.97 4.4829 4.6589 -0.17598 1 
705.97 4.454 4.664 -0.21002 1 
720.97 4.5118 4.669 -0.15725 1 
750.97 4.4829 4.6788 -0.1959 1 
780.97 4.4901 4.6882 -0.19808 1 
826.97 4.4901 4.7019 -0.21178 1 
856.97 4.5406 4.7104 -0.16981 1 
886.97 4.5406 4.7187 -0.17805 1 ( 
916.97 4.5623 4.7266 -0.16432 1 
946.97 4.5623 4.7343 -0.17203 1 
976.97 4.5984 4.7418 -0.1434 1 

1007 4.5912 4.749 -0.15784 1 
1037 4. 5839. 4.7561 -0.17218 1 
1067 4.6128 4.7629 -0.15011 1 
1097 4.6273 4.7696 -0.14226 1 

1127 4.6417 4.776 -0.13433 1 
1157 4.6417 4.7823 -0.14063 1 
1187 4.6633 4.7885 -0.12517 1 

1217 4.7716 4.7945 -0.022851 1 
1247 4.7067 4.8003 -0.093592 1 
1277 4.8149 4.806 0.0089061 1 
1307 4.7428 4.8116 -0.068764 1 
1337 4.7861 4.817 -0.-03O9'09 1 
1367 4.8005 4.8223 -0.021833 1 
1397 4.8222 4.8275 -0.0053421 1 
1427 4.8222 4.8326 -0.010441 1 
1457 4.8149 4.8376 -0.022734 1 
1487 4.8294 4.8425 -0.013126 1 
1517 4.8727 4.8473 0.025379 1 
1547 4.8438 4.852 -0.0082222 1 
1577 4.851 4.8566 -0.0056335 1 
1607 4.8943 4.8612 0.033142 1 
1637 4.9016 4.8656 0.036 1 
1667 4.9304 4.87 0.060439 1 
1697 5.0387 4.8742 0.16446 1 
1727 4.9738 4.8785 0.095346 1 
1757 5.0026 4.8826 0.12001 1 



1787 5.0243 4.8867 0.13764 1 
1817 5.0893 4.8907 0.19864 1 
1847 5.0532 4.8946 0.15861 1 
1877 5.0965 4.8985 0.19804 1 
1907 5.1037 4.9023 0.20143 1 
1937 5.1181 4.906 0. 21208 1 
1967 5.1181 4.9097 0.20838 1 
1997 5.1253 4.9134 0.21194 1 
2027 5.1759 4.9169 0.25896 1 
2057 5.2048 4.9205 0.28433 1 
2087 5.212 4.924 0.28805 1 
2117 5.2553 4.9274 0.32792 1 
2147 5.2408 4.9308 0.31003 1 
2177 5.2697 4.9341 0.3356 1 
2207 5.313 4.9374 0.37561 1 
2223 5.3563 4.9391 0.41717 1 
2253 5.3636 4.9424 0.42125 1 
2283 5.443 4.9455 0.49746 1 
2313 5.4358 4.9487 0.48712 1 
2343 5.4646 4.9518 0.51283 1 
2373 5.4863 4.9548 0.53147 1· 
2403 5.5079 4.9579 0.55004 1 
2433 5.5079 4.9608 0.54706 l· 
2463 5.5296 4.9638 0.56581 1 
2493 5.5152 4.9667 0.5485 1 
2523 5.5513 4.9696 0.58172 1 
2553 5.6018 4.9724 0.62938 1 
2583 5.6595 4.9752 0.68426 1 
2613 5.5801 4.978 0.60209 1 
2643 5.6162 4.9808 0.63544 1 

/ 2673 5.674 4.9835 0.69052 1 I 

2703 5.7823 4.9862 0.79614 1 
2733 5.6451 4.9888 0.65628 1 
2763 5.6884 4.9914 0.69695 1 
2793 5.9194 4.994 0.92535 1 
2823 5. 9988. 4.9966 1.0022 1 
2853 5.8111 4.9992 0.81194 1 
2883 5.8111 5.0017 0.80942 1 

=========================================================================== 
RESULTS FROM VISUAL CURVE MATCHING 

CSUAL MATCH PARAMETER ESTIMATES 

Estimate 
T = 2.5672E+OOO 
s = 4.6819E-004 

(<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>> 
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A Q T E S O L V R E S U L T S 
Version 1.10 

7/~l/92 11:29:24 

= 
TEST DESCRIPTION 

1ta set •.......... B:\3a_t&rec.aqt 
1ta set title ..... STF, AQUIFER TEST, 3A DATA, 3A RECOVERY 

1owns and Constants: 
No. of data points .....••.......•... 204 
Pumping rate. . . . . . . . . . . . . . . . . . . . . . . . 8. 02 
Total pumping time ••..•••.....•••.•• 2852 

----------------------------------------------------------------------------.--
ANALYTICAL METHOD 

1eis Recovery (Confined Aquifer) 

=============================================================================== 
RESULTS FROM STATISTICAL CURVE MATCHING 

~ .. - _5TICAL MATCH PARAMETER ESTIMATES 

T = 
S' = 

Estimate 
5.1039E-001 +/
l.1174E+001 +/-

lALYSIS OF MODEL RESIDUALS 

Std. Error 
6.2003E-002 
1.2077E+000 

~sidual = calculated - observed 
!ighted residual= residual* weight 

~ighted Residual Statistics: 
Number of residuals ....••.•....... 204 
Number of estimated parameters .•.. 2 
Degrees of freedom ..............•. 202 
Residual mean ..•••.•••............ -l.077E-0ll 
Residual standard deviation ..•.... 1.008 
Residual variance ...•.•.•..•••.•.. 1.017 

>del Residuals: 

Time 

30 
60 

75.55 
77.55 

Observed 

5.8183 
5.8183 

5.84 
5.84 

Calculated 

2.6909 
1.837 

1.5554 
1.5236 

Residual 

3.1274 
3.9813 
4.2846 
4.3164 

Weight 

1 
1 
1 
1 



79.86 5.8328 1.4879 4.3449 1 
81.87 5.8328 1.4576 4.3752 1 
83.87 5.8328 1.4283 4.4045 1 
85.87 5.8255 1.3997 4.4258 1 
87.87 5.8472 1.3717 4.4755 1 

89 3.465 1.3562 2.1088 1 
89.02 3.068 1.3559 1.7121 1 
89.03 2.6349 1.3558 1.2791 1 
89.05 2.4111 1.3555 1.0556 1 
89.07 2.2595 1.3553 0.90423 1 
89.08 2.1007 1.3551 0.74557 1 
89.1 1.9635 1.3549 0.60864 1 

89.12 1.8408 1.3546 0.48621 1 
89.13 1.747 1.3545 0.39255 1 
89.15 1.6675 1.3542 0.31332 1 
89.17 1.5809 1.3539 0.22699 1 
89.18 1.5232 1.3538 0.16943 1 

89.2 1.4582 1.3535 0.1047 1 
89.22 1.4149 1.3532 0.061672 1 
89.23 1.3644 1.3531 0.011308 1 
89.25 1.3283 1.3528 -0.02452 1 
89.27 1.285 1.3525 -0.067549 1 
89.28 1.2561 1.3524 -0.096313 1 

89.3 1.2272 1.3521 -0.12494 1 
89.32 1.2055 1.3519 -0.14637 1 
89.33 1.1839 1.3517 -0.16783 1 
89.35 1.1622 1.3515 -0.18926 1 
89.37 1.1406 1.3512 -0.21059 1 
89.38 1.1189 1.3511 -0.23216 1 
89.4 1.1189 1.3508 -0.23188 1 

89.42 1.0973 1.3505 -0.25321 1 ( 
89.43 1.0828 1.3504 -0.26758 1 
89.45 1.0684 1.3501 -0.28171 1 
89.47 1.0612 1.3498 -0.28863 1 
89.48 1.0467 1.3497 -0.303 1 
89.5 1.0395 1.3494 -0.30993 1 

89.52 1.0323 1.3492 -0.31686 1 
89.53 1.0179 1.349 -0.33112 1 
89.55 1.0179 1.3488 -0.33085 1 
89.57 1.0034 1.3485 -0.34508 1 
89.58 0.9962 1.3483 -0.35214 1 
89.6 0.9962 1.3481 -0.35187 1 

89.62 0.9818 1.3478 -0.366 1 
89.65 0.9818 1.3474 -0.3656 1 
89.67 0.9745 1.3471 ~o.37263 1 
89.68 0.9745 1.347 -0.37249 1 
89.69 0.9745 1.3469 -0.37236 1 
89.7 0.9673 1.3467 -0.37942 1 

89.71 0.9673 1.3466 -0.37929 1 
89.73 0.9601 1.3463 -0.38622 1 
89.75 0.9529 1.346 -0.39315 1 
89.77 0.9457 1.3458 -0.40008 1 
89.78 0.9385 1.3456 -0.40714 1 
89.8 0.9312 1.3454 -0.41417 1 

89.82 0.9385 1.3451 -0.4066 1 
89.83 0.9312 1.345 -0.41377 1 r 89.85 0.9312 1.3447 -0.4135 1 
89.87 0.9312 1.3444 -0.41323 1 
89.88 0.9168 1.3443 -0.42749 1 
89.9 0.9168 1.344 -0.42722 1 



89.92 0.924 1.3438 -0.41975 1 
89.93 0.9168 1.3436 -0.42682 1 
89.95 0.9096 1.3433 -0.43375 1 
89.97 0.9096 1.3431 -0.43348 1 
89.98 0.9096 1.3429 -0.43334 1 

90 0.9096 1.3427 -0.43307 1 
90.08 0.8951 1.3416 -0.4465 1 
90.17 0.8879 1.3404 -0.45249 1 
90.25 0.8807 1.3393 -0.45861 1 
90. 3.3 0.8735 1.3382 -0.46474 1 
90.42 0.8663 1.337 -0.47073 1 
90.5 0.8663 1.336 -0.46966 1 

90.58 0.859 1.3349 -0.47589 1 
90.67 0.8518 1.3337 -0.48188 1 
90.75 0.8518 1.3326 -0.48081 1 
90.83 0.8518 1. 3315 -0.47975 1 
90.92 0.8374 1.3303 -0.49294 1 

91 0.8374 1.3293 -0.49188 1 
91.5 0.8085 1.3226 -0.51414 1 

92 0.8013 1.316 -0.51474 1 
92.5 0.7941 1.3095 -0.51537 1 

93 0.7796 1.3029 -0.52334 1 
93.5 0.7652 1.2964 -0.53125 1 

94 0.758 1.29 -0.53199 1 
94.5 0.7508 1.2836 -0.53277 1 

95 0.7435 1.2772 -0.53368 1 
95.5 0.7435 1.2708 -0.52732 1 

96 0.7291 1.2645 -0.53541 1 
96.5 0.7219 1.2582 -0.53632 1 

97 0.7147 1.252 -0.53727 1 
97.5 0.7075 1.2458 -0.53825 1 

98 0.7002 1.2396 -0.53937 1 
98.5 0.693 1.2334 -0.54041 1 

99 0.6858 1.2273 -0.54149 1 
99.5 0.6786 1.2212 -0.5426 1 

100 0.6858- 1.2151 -0.52935 1 
100.5 0.6714 1.2091 -0.53772 1 

101 0.6641 1.2031 -0.53903 1 
101.5 0.6569 1.1972 -0.54026 1 

102 0.6569 1.1912 -0.53433 1 
102.5 0.6497 1.1853 -0.53562 1 

103 0.6425 1.1794 -0.53695 1 
103.5 0.6425 1.1736 -0.5311 1 

104 0.628 1.1678 -0.53979 1 
104.5 0.6353 1.162 -0.5267 1 

105 0.6208 1.1562 -0.53544 1 
105.5 0.628 1.1505 -0.52251 1 

106 0.6208 1.1448 -0.52401 1 
106.5 0.6136 1.1391 -0.52554 1 

107 0.6136 1.1335 -0.51989 1 
107.5 0.6064 1.1279 -0.52147 1 

108 0.592 1.1223 -0.53028 1 
108.5 0.5992 1.1167 -0.51751 1 

109 0.5847 1.1112 -0.52648 1 
109.5 0.592 1.1057 -0.51366 1 

110 0.592 1.1002 -0.50818 1 
111 0.5847 1.0893 -0.50458 1 
112 0.5631 1.0785 -0.51539 1 
113 0.5559 1.0678 -0.51189 1 
114 0.5559 1.0572 -0.50129 1 



115 0.5559 1.0467 -0.49079 1 
116 0.5342 1.0363 -0.50208 1 
117 0.5342 1.026 -0.49177 1 
118 0.5342 1.0157 -0.48155 1 
119 0.527 1.0056 -0.47861 1 
120 0.5342 0.99557 -0.46137 1 
121 0.5198 0.98561 -0.46581 1 
122 0.5053 0.97574 -0.47044 1 
123 0.5053 0.96595 -0.46065 1 
124 0.5053 0.95624 -0.45094 1 
125 0.4981 0.94662 -0.44852 1 
126 0.4981 0.93707 -0.43897 1 
127 0.4837 0.92761 -0.44391 1 
128 0.4837 0.91822 -0.43452 1 
129 0.4837 0.9089 -0.4252 1 
130 0.4765 0.89966 -0.42316 1 
131 0.462 0.8905 -0.4285 1 
132 0.4692 0.88141 -0.41221 1 
133 0.462 0.87239 -0.41039 1 
134 0.462 0.86344 -0.40144 1 
135 0.4476 0.85456 -0.40696 1 
136 0.4476 0.84575 -0.39815 l 
137 0.4476 0.837 -0.3894 l 
138 0.4476 0.82833 -0.38073 1 
139 0.4331 0.81972 -0.38662 1 
140 0.4404 0.81117 -0.37077 1 
141 0.4404 0.80268 -0.36228 1 
142 0.4259 0.79426 -0.36836 1 
143 0.4187 0.7859 -0.3672 1 
144 0.4187 0.77761 -0.35891 1 
145 0.4187 0.76937 -0.35067 1 
146 0.4187 0.76119 -0.34249 1 
147 0.4187 0.75307 -0.33437 1 
148 0.4187 0.74501 -0.32631 1 
149 0.4115 0.737 -0.3255 1 
150 0.4115 0.72905 -0.31755 1 
155 0.3898 0.69013 -0.30033 1 
160 0.3754 0.6525 -0.2771 1 
165 0.3537 0.61609 -0.26239 1 
170 0.3537 0.58082 -0.22712 1 
175 0.3393 0.54664 -0.20734 1 
180 0.3393 0.51347 -0.17417 1 
185 0.3104 0.48126 -0.17086 1 
190 0.3104 0.44997 -0.13957 1 
195 0.3032 0.41953 -0.11633 1 
200 0.296 0.38992 -0.09392 1 
205 0.2815 0.36109 -0.079585 1 
210 0.2815 0.33299 -0.051491 1 
215 0.2671 0.3056 -0.038503 1 
220 0.2527 0.27889 -0.026188 1 
225 0.2599 0.25282 0.0070839 1 
230 0.2382 0.22736 0.010842 1 
235 0.2382 0.20249 0.035711 1 
240 0.231 0.17818 0.052818 1 
245 0.2238 0.15441 0.069385 1 
250 0.2238 0.13117 0.092634 1 
255 0.2166 0.10841 0.10819 1 
260 0.2094 0.086139 0.12326 1 
265 0.1949 0.064324 0.13058 1 
270 0.1949 0.042951 0.15195 1 



285 0.1877 -0.018675 0.20637 1 
300 0.1733 -0.07686 0.25016 1 
315 0.1588 -0.13194 0.29074 1 
330 0.1444 -0.18421 0.32861 1 
345 0.1372 -0.23393 0.37113 1 
360 0.13 -0.2813 0.4113 1 
375 0.1227 -0.32653 0.44923 1 
390 0.1155 -0.36978 0.48528 1 
405 0.1011 -0.41121 0.51231 1 
420 0.1011 -0.45095 0.55205 1 
435 0.1011 -0.48911 0.59021 1 
450 0.0866 -0.52582 0.61242 1 
465 0.0866 -0.56116 0.64776 1 
480 0.0794 -0.59522 0.67462 1 
495 0.0866 -0.62809 0.71469 1 
510 0.0722 -0.65984 0.73204 1 
525 0.0722 -0.69052 0.76272 1 
540 0.065 -0.72021 0.78521 1 
555 0.0578 -0.74896 0.80676 1 
570 0.0578 -0.77682 0.83462 1 

=========--================================================================== 
RESULTS FROM VISUAL CURVE MATCHING 

:sUAL MATCH PARAMETER ESTIMATES 

= 

Estimate 
2.1697E+000 
5.2993E+000 

:<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>> 
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A Q T E S O L V R E S U L T S 
Version 1.10 

L/08/93 13:51:31 

====================---=-====================================================== 
TEST DESCRIPTION 

1ta set •.••••••••• 12a_neum.aqt 
1ta set title .••.• STF, AQUIFER TEST, 12A DATA, 3A PUMPED 

1owns and Constants: 
No. of data points ••••••••.••••••••• 281 
Pumping rate. . . . . . . . . . . . . . . . . . . . . . . . 8. 02 
Radius (distance) to obs. well •••••• 24.21 
Aquifer saturated thickness ••••••••• 58.47 

1rtial Penetration Data: 
Depth of top of well screen ••••••••• o 
Depth of bottom of well screen ••.••• 16.47 3 
Depth of top of obs. well screen ••••• .,V6,'/1 
Depth of bottom of obs. well screen •• _l.6-:-1f'7 //.'{ 1 
Hyd. conductivity ratio (Kz/Kr) ••••• 1 

-=========================================================================== 
ANALYTICAL METHOD 

mman (Unconfined Aquifer) 

RESULTS FROM STATISTICAL CURVE MATCHING 

~ATISTICAL MATCH PARAMETER ESTIMATES 

Estimate Std. Error 
T = 6.5775E+OOO +/- 8.5335E-002 
s = 2.6627E-005 +/- 3.2606E-003 
Sy = l.1146E-002 +/- 2.9228E-003 
/3 = l.OOOOE+OOO +/- 2.1693E-001 

fALYSIS OF MODEL RESIDUALS 

!Sidual = calculated - observed 
dghted residual= residual* weight 

iighted Residual Statistics: 
·1mber of residuals. • • • • • • • • • • • • • • 281 

f lber of estimated parameters •••• 4 
:1rees of freedom .•..••••••••.••• 277 

Residual mean ••••••••••••••••••••• 0.002965 
Residual standard deviation ••••••• 0.03928 
Residual variance ••.•••••••••••••• 0.001543 



[odel Residuals: 

Time Observed Calculated Residual Weight 
------------- ------------- ------------- ------------- -------------

6E-005 0.0072 0 0.0072 1 
0.01734 0.0145 0.0051024 0.0093976 1 
0.03462 0.0217 0.0058534 0.015847 1 
0.05046 0.0217 0.0067197 0.01498 1 
0.06774 0.0361 0.0077863 0.028314 1 
0.08358 0.0361 0.0088385 0.027262 1 
0.10086 0.0433 0.0096319 0.033668 1 

0.1167 0.0578 0.010793 0.047007 1 
0.13398 0.0506 0.012094 0.038506 1 
0.15126 0.0578 0.013445 0.044355 1 
0.18726 0.0578 0.016332 0.041468 1 
0.19878 0.0578 0.017294 0.040506 1 
0.21174 0.0578 0.018377 0.039423 1 

0.2247 0.0722 0.019458 0.052742 1 
0.23766 0.0722 0.020564 0.051636 1 
0.24918 0.0722 0.021557 0.050643 1 

0.2679 0.0722 0.023203 0.048997 1 
0.28374 0.0722 0.024596 0.047604 1 
0.30102 0.0722 0.026129 0.046071 1 
0.31686 0.0794 0.027524 0.051876 1 
0.33414 0.0794 0.02908 0.05032 1 
0.35142 0.0794 0.030646 0.048754 1 
0.36726 0.0794 0.032089 0.047311 1 
0.38454 0.0867 0.033697 0.053003 1 
0.40038 0.0794 0.03515 0.04425 1 
0.41766 0.0867 0.03674 0.04996 1 

0.4335 0.0867 0.038201 0.048499 1 
0.45078 0.0867 0.039796 0.046904 1 
0.46806 0.0867 0.041393 0.045307 1 

0.4839 0.0939 0.042856 0.051044 1 
0.50118 0.0939 0.044453 0.049447 1 
0.51702 0.1011 0.045914 0.055186 1 

0.5343 0.0939 0.047507 0.046393 1 
0.55014 0.0939 0.048964 0.044936 1 
0.56742 0.1011 0.050549 0.050551 1 

0.5847 0.0939 0.05213 0.04177 1 
0.60054 0.1011 0.054006 0.047094 1 
0.61782 0.0939 0.055577 0.038323 1 
0.63366 0.1083 0.057011 0.051289 1 
0.65094 0.1011 0.058569 0.042531 1 
0.66678 0.1083 0.05999 0.04831 1 
0.68406 0.1083 0.061534 0.046766 1 
0.70134 0.1083 0.064453 0.043847 1 
0.71718 0.1083 0.065853 0.042447 1 
0.73446 0.1155 0.067372 0.048128 1 

0.7503 0.1155 0.068756 0.046744 1 
0.76758 0.1155 0.070256 0.045244 1 
0.78342 0.1155 0.071624 0.043876 1 

0.8007 0.1227 0.073106 0.049594 1 
0.8367 0.1227 0.07616 0.04654 1 ( 

0.84966 0.1227 0.077249 0.045451 1 
0.86262 0.1227 0.078331 0.044369 1 
0.87414 0.13 0.079288 0.050712 1 

0.8871 0.1227 0.080359 0.042341 1 



0.89862 0.1227 0.081306 0.041394 1 
0.91734 0.13 0.082835 0.047165 1 
0.93462 0.13 0.084335 0.045665 1 
0.95046 0.13 0.085608 0.044392 1 
0.96774 0.13 0.086986 0.043014 1 
1.0513 0.1372 0.093489 0.043711 1 
1.1333 0.1372 0.099626 0.037574 1 
1.2169 0.1444 0~10562 0.038783 1 
1.3004 0.1372 0.11136 0.02584 1 
1.3839 0.1516 0.11671 0.034888 1 
1.4674 0.1516 0.12199 0.02961 1 
1. 5509 0.1516 0.12705 0.024548 1 
1. 6345 0.1588 0.13191 0.02689 1 
1. 718 0.1588 0.13658 0.022223 1 

1.8001 0.1588 0.14099 0.017814 1 
1. 8836 0.1661 0.1453 0.020796 1 
1.9685 0.1805 0.14953 0.030968 1 
2.4668 0.1877 0.17172 0.015978 1 
2.9679 0.2022 0.18996 0.012243 1 
3.4676 0.2094 0.20538 0.0040241 1 
3.9673 0.2166 0.21874 -0.0021357 1 
4.4669 0.2238 0.23051 -0.0067082 1 
4.9681 0.231 0.24105 -0.010053 1 
5.4677 0.2382 0.25011 -0.011913 1 
5.9674 0.2382 0.25877 -0.020568 1 
6.4671 0.2382 0.26672 -0.028519 1 
6.9668 0.2455 0.27407 -0.028571 1 
7.4679 0.2527 0.28093 -0.028226 1 
7.9676 0.2599 0.28731 -0.027413 1 
8.4673 0.2527 0.29331 -0.040606 1 
8.9669 0.2671 0.29895 -0.031852 1 
9.4681 0.2671 0.3043 -0.037203 1 
9.9677 0.2743 0.30936 -0.035061 1 
10.467 0.2743 0.31417 -0.039868 1 
10.967 0.2816 0.31875 -0.037149 1 
11.467 0.2743 0.32312 -0.048823 1 
11.968 0.2816 0.32732 -0.045721 1 
12.468 0.2888 0.33133 -0.042534 1 
12.967 0.2888 0.33519 -0.046388 1 
13.467 0.2888 0.33889 -0.050094 1 
13.968 0.296 0.34247 -0.046474 1 
14.468 0.3032 0.34592 -0.042717 1 
14.967 0.3104 0.34924 -0.038842 1 
15.467 0.3104 0.35246 -0.042058 1 
15.967 0.3104 0.35557 -0.04517 1 
16.468 0.3104 0.35859 -0.048194 1 
16.968 0.3177 0.36152 -0.043818 1 
17.467 0.3104 0.36436 -0.053957 1 
17.967 0.3177 0.36712 -0.049415 1 
18.468 0.3177 0.36981 -0.052105 1 
18.968 0.3177 0.37241 -0.054714 1 
19.467 0.3321 0.37496 -0.042856 1 
19.967 0.3321 0.37743 -0.045333 1 
20.467 0.3321 0.37985 -0.047748 1 
20.969 0.3393 0.38222 -0.042917 1 
21.967 0.3393 0.38676 -0.047458 1 
22.968 0.3465 0.39111 -0.044608 1 
23.967 0.3537 0.39526 -0.041565 1 
24.967 0.3537 0.39925 -0.045552 1 
25.968 0.361 0.40309 -0.042086 1 



26.967 0.361 0.40677 -0.04577 1 
27.968 0.361 0.41032 -0.049324 1 
28.967 0.361 0.41375 -0.052748 1 
29.968 0.3682 0.41706 -0.048859 1 ,, •.. "\ 

30.967 0.3754 0.42026 -0.044857 1 
31.968 0.3826 0.42421 -0.041612 1 
32.967 0.3754 0 •. 42721 -0.051811 1 
33.967 0.3826 0.43012 -0.047521 1 
34.968 0.3898 0.43295 -0.043151 1 
35.967 0.3898 0.4357 -0.045896 1 
36.968· 0.3898 0.43837 -0.048569 1 
37.967 0.3971 0.44097 -0.043867 1 
38.968 0.3971 0.4435 -0.046401 1 
39.967 0.4043 0.44597 -0.041667 1 
40.968 0.4043 0.44837 -0.044075 1 
41.967 0.4043 0.45072 -0.046421 1 
42.967 0.4115 0.45301 -0.041513 1 
43.968 0.4115 0.45525 -0.043754 1 
44.967 0 •. 4115 0.45744 -0.045942 1 
45.968 0.4187 0.45958 -0.040884 l 
46.967 0.4259 0.46168 -0.035778 1 
47.968 0.4259 0.46373 -0.03783 1 
48.967 0.4259 0.46574 -0.039837 1 
49.968 0.4259 0.46771 -0.041805 1 
50.967 0.4332 0.46963 -0.036432 1 
51.967 0.4332 0.47152 -0.038322 1 
52.968 0.4404 0.47338 -0.032978 1 
53.967 0.4404 0.4752 -0.034796 1 
54.968 0.4404 0.47698 -0.036584 l 
55.967 0.4476 0.47874 -0.031137 1 ( 
56.968 0.4548 0.48046 -0.025661 1 
57.967 0.4548 0.48215 -0.027352 l 
58.968 0.4548 0.48382 -0.029017 1 
59.967 0.4548 0.48545 -0.030652 1 

60.97 0.462 0.48706 -0.025064 1 
65.968 0.4765 0.49473 -0.018226 1 
70.968 0.4909 0.50183 -0.010929 1 
75.967 0.4909 0.50845 -0.017547 1 
80.967 0.4981 0.51464 -0.016543 1 
85.968 0.5053 0.52047 -0.015168 1 
90.968 0.5126 0.52596 -0.013361 1 
95.967 0.5198 0.53116 -0.011361 1 
100.97 0.527 0.5361 -0.0090964 1 
105.97 0.5342 0.54079 -0.0065938 1 
110.97 0.5342 0.54528 -o·.011016 1 
115.97 0.5487 0.54956 -0.00085854 1 
120.97 0.5487 0.55366 -0.0049612 1 
125.97 0.5559 0.5576 -0.0016987 1 
130.97 0.5631 0.56138 0.0017162 1 
135.97 0.5703 0.56503 0.0052736 1 
140.97 0.5631 0.56854 -0.0054366 1 
145.97 0.5775 0.57192 0.0055751 1 
150.97 0.5775 0.5752 0.0023013 1 
155.97 0.5847 0.57837 0.006334 1 
160.97 0.592 0.58143 0.010568 1 
165.97 0.5847 0.5844 0.00029722 1 ( 
170.97 0.5992 0.58729 0.011915 1 
175.97 0.6064 0.59008 0.016316 1 
180.97 0.6208 0.5928 0.027997 1 
195.97 0.6281 0.60052 0.027577 1 



210.97 0.6353 0.60767 0.027635 1 
225.97 0.6425 0.61431 0.028193 1 
240.97 0.6497 0.62052 0.029185 1 
255.97 0.6569 0.62634 0.030556 1 
270.97 0.6714 0.63184 0.039561 1 
285.97 0.6786 0.63703 0.041567 1 
300.97 0.6858 0.64197 0.043831 1 
315.97 0.6858 o.-64667 0.03913 1 
330.97 0.693 0.65116 0.041842 1 
345.97 0.7002 0.65546 0.044745 1 
360.97. 0.7002 0.65958 0.04062 1 
375.97 0.7147 0.66355 0.051155 1 
390.97 0.7219 0.66737 0.054534 1 
405.97 0.7291 0.67105 0.058047 1 
420.97 0.7147 0.67461 0.040085 1 
435.97 0.7219 0.67806 0.043837 1 
450.97 0.7291 0.6814 0.047696 1 
465.97 0.7363 0.68464 0.051656 1 
480.97 0.7436 0.68779 0.055811 1 
495.97 0.7436 0.69085 0.052754 1 
510.97 0.7508 0.69382 0.056983 1 
525.97 0.7508 0.69671 0.054091 1 
540.97 0.7508 0.69952 0.051284 1 
555.97 0.7508 0.70226 0.048542 1 
570.97 0.758 0.70493 0.053069 1 
585.97 0.758 0.70754 0.050463 1 
600.97 0.758 0.71008 0.047921 1 
615.97 0.7652 0.71256 0.052641 1 
630.97 0.7652 0.71498 0.050219 1 

' 
/ 645.97 0.7724 0.71734 0.055056 1 

660.97 0.7724 0.71965 0.052747 1 
675.97 0.7797 0.72191 0.057791 1 
690.97 0.7797 0.72411 0.055586 1 
705.97 0.7724 0.72627 0.046132 1 
720.97 0.7797 0.72837 0.051325 1 
750.97 O. 779T o. 73·245 0.047251 1 
780.97 0.7797 0.73635 0.043352 1 
826.97 0.7797 0.742 0.037704 1 
856.97 0.7869 0.7455 0.041404 1 
886.97 0.7869 0.74885 0.038047 1 
916.97 0.7869 0.75208 0.034824 1 
946.97 0.7869 0.75517 0.031727 1 
976.97 0.7869 0.75815 0.028751 1 

1007 0.7797 0.76101 0.018687 1 
1037 0.7869 0.76377 0.023131 1 
1067 0.7797 0.76642 0.013275 1 
1097 0.7941 0.76898 0.025115 1 
1127 0.8013 0.77145 0.029846 1 
1157 0.7869 0.77384 0.013062 1 
1187 0.7869 0.77614 0.010759 1 
1217 0.8013 0.77837 0.022933 1 
1247 0.8013 0.78052 0.020779 1 
1277 0.8013 0.78261 0.018694 1 
1307 0.7941 0.78463 0.0094737 1 
1337 0.8013 0.78658 0.014715 1 

( 1367 0.7941 0.78849 0.0056145 1 
1397 0.8013 0.79033 0.010969 1 
1427 0.8013 0.79212 0.0091759 1 
1457 0.8013 0.79387 0.007432 1 
1487 0.8085 0.79557 0.012935 1 



1517 0.7797 0.79722 -0.017518 1 
1547 0.7941 0.79883 -0.0047285 1 
1577 0.7797 0.8004 -0.020699 1 
1607 0.7869 0.80193 -0.015033 1 r,r·,,:'\ 
1637 0.7797 0. 803.43 -0.02373 1 i 

1667 0.7941 0.80489 -0.010794 1 
1697 0.8013 0.80633 -0.0050254 1 
1727 0.8013 0.80773 -0.0064265 1 
1757 0.8013 0.8091 -0.0077988 1 
1787 0.8157 0.81044 0.0052563 1 
1817 0.8085 0.81176 -0.0032626 1 
1847 0.8085 0.81306 -0.0045569 1 
1877 0.8085 0.81433 -0.0058278 1 
1907 0.8085 0.81558 -0.0070765 1 
1937 0.8085 0.8168 -0.0083041 1 
1967 0.8157 0.81801 -0.0023118 1 
1997 0.8085 0.8192 -0.0107 1 
2027 0.8085 0.82037 -0.011871 1 
2057 0.8157 0.82152 -0.0058242 1 
2087 0.8085 0.82266 -0.014161 1 
2117 0.8157 0.82378 -0.0080828 1 
2147 0.8157 0.82489 -0.0091895 1 
2177 0.8157 0.82598 -0.010282 1 
2207 0.8157 0.82706 -0.011362 1 
2223 0.8157 0.82763 -0.011932 1 
2253 0.823 0.82869 -0.005692 1 
2283 0.823 0.82974 -0.0067402 1 
2313 0.8157 0.83078 -0.015077 1 
2343 0.8085 0.8318 -0.023303 1 
2373 0.8157 0.83282 -0.017119 1 ·i 2403 0.8085 0.83383 -o. 025325. 1 ., 
2433 0.8013 0.83482 -0.033522 1 
2463 0.7941 0.83581 -0.04171 1 
2493 0.7941 0.83679 -0.04269 1 
2523 o. 7869. 0.83776 -0.050861 1 
2553 0.7797 0.83872 -0.059024 1 
2583 0.7869 0.83968 -0.05278 1 
2613 0.7797 0.84063 -0.060929 1 
2643 0.7724 0.84157 -0.069171 1 
2673 0.7652 0.84251 -0.077306 1 
2703 0.7797 0.84344 -0.063736 1 
2733 0.7652 0.84436 -0.079159 1 
2763 0.7652 0.84528 -0.080076 1 
2793 0.7724 0.84619 -0.073788 1 
2823 0.7869 0.84709 -o·. 060194 1 
2853 0.7652 0.848 -0.082795 1 
2883 0.758 0.84889 -0.090891 1 

RESULTS FROM VISUAL CURVE MATCHING 

:SUAL MATCH PARAMETER ESTIMATES 

Estimate 
T = 6.5775E+OOO 
s = 2. 6627E-005· 
Sy = l.1146E-002 
p = l.OOOOE+OOO 



~F, AQUIFER TEST, 12A DATA, 3A PUMPED 
i.1rate 

:~ 
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;data 
~-005 0.0072 1 
,01734 0.0145 1 
,03462 0.0217 1 
,05046 0.0217 1 
.06774 0.0361 1 
,08358 0.0361 1 
,10086 0.0433 1 
.1167 0.0578 1 
,13398 0.0506 1 
,15126 0.0578 1 
.18726 0.0578 1 
,19878 0.0578 1 
, 21174 0.0578 1 
.2247 0.0722 1 
-~66 0.0722 1 

LS 0.0722 1 
,2019 0.0722 1 
,28374 0.0722 1 
, 30102 0.0722 1 
, 31686 0.0794 1 
, 33414 0.0794 1 
, 35142 0.0794 1 
, 36726 0.0794 1 
,38454 0.0867 1 
. 40038 0.0794 1 
, 41766 0.0867 1 
4335 0.0867 1 

,45078 0.0867 1 
46806 0.0867 1 

,4839 0.0939 1 
50118 0.0939 1 
51702 0.1011 1 
5343 0.0939 1 
55014 0.0939 1 
56742 0.1011 1 
5847 0.0939 1 
60054 0.1011 1 
61782 0.0939 1 
63366 0.1083 1 

094 0.1011 1 
r 78 0.1083 1 I 

t, __ 06 0.1083 1 
70134 0.1083 1 
71718 0.1083 1 
73446 0.1155 1 



.7503 0.1155 1 

.76758 0.1155 1 

.78342 0.1155 1 

.8007 0.1227 1 t .8367 0.1227 1 

.84966 0.1227 1 

.86262 0.1227 1 

.87414 0.13 1 

.8871 0.1227 1 

.89862 0.1227 1 

.91734 0.13 1 

.93462 0.13 1 

.95046 0.13 1 

.96774 0.13 1 

.05126 0.1372 1 

.13334 0.1372 1 

.21686 0.1444 1 

.30038 0.1372 1 

.3839 0.1516 1 

.46742 0.1516 1 

.55094 0.1516 1 

.63446 0.1588 1 

.71798 0.1588 1 

.80006 0.1588 1 

.88358 0.1661 1 

.96854 0.1805 1 

.46678 0.1877 1 

.9679 0.2022 1 

.46758 0.2094 1 
' ' 

.96726 0.2166 1 1( 

.46694 0.2238 1 ' 

.96806 0.231 1 

.46774 0.2382 1 

.96742 0.2382 1 

.4671 0.2382 1 

.96678 0.2455 1 

.4679 0.2527 1 

.96758 0.2599 1 

.46726 0.2527 1 

.96694 0.2671 1 

.46806 0.2671 1 

.96774 0.2743 1 
J.4674 0.2743 1 
J.9671 0.2816 1 
l.4668 0.2743 1 
1.9679 0.2816 1 
2.4676 0.2888 1 
2.9673 0.2888 1 
3.4669 0.2888 1 
3. 9681 0.296 1 
L4677 0.3032 1 
L9674 0.3104 1 
5.4671 0.3104 1 
5. 9668 0.3104 1 
5. 4679 0.3104 1 ' ' . 
5.9676 0.3177 1 ' 7.4673 0. 3104 1 
7. 9669 0.3177 1 
3.4681 0.3177 1 
3.9677 0.3177 1 



L4674 0.3321 1 
).9671 0.3321 1 

~-~:~ 
0.3321 1 
0.3393 1 

[' 73 0.3393 1 
L Jl 0.3465 1 
3.9674 0.3537 1 
l. 9668 0.3537 1 
>. 9676 0.361 1 
5. 9669 0.361 1 
7. 9677 0.361 1 
3.9671 0.361 1 
➔• 9679 0.3682 1 
) • 9673 0.3754 1 
L. 9681 0.3826 1 
L9674 0.3754 1 
3. 9668 0.3826 1 
L9676 0.3898 1 
>. 9669 0.3898 1 
5.9677 0.3898 1 
7.9671 0.3971 1 
3. 9679 0.3971 1 
➔• 9673 0.4043 1 
) • 9681 0.4043 1 
L.9674 0.4043 1 
~. 9668 0.4115 1 
3. 9676 0.4115 1 
L9669 0.4115 1 
5~';3677 0.4187 1 

-71 0.4259 1 
, 79 0.4259 1 
3. 9673 0.4259 1 
➔• 9681 0.4259 1 
).9674 0.4332 1 
L. 9668 0.4332 1 
~. 9676 0.4404 1 
3. 9669 0.4404 1 
l. 9677 0.4404 1 
5.9671 0.4476 1 
5. 9679 0.4548 1 
7. 9673 0.4548 1 
3.9681 0.4548 1 
➔ .9674 0.4548 1 
) • 9697 0.462 1 
5. 9679 0.4765 1 
) • 9676 0.4909 1 
5. 9673 0.4909 1 
) • 9669 0.4981 1 
5. 9681 0.5053 1 
) • 9677 0.5126 1 
5.9674 0.5198 1 
)0. 967 0.527 1 
)5. 967 0.5342 1 
LO. 968 0.5342 1 

Q68 0.5487 1 
~1 57 0.5487 1 
b. :167 0.5559 1 
30. 968 0.5631 1 
35. 968 0.5703 1 
l0.967 0.5631 1 



45.967 0.5775 1 
50.967 0.5775 1 
55.968 0.5847 1 
60.968 0.592 1 ·"':\ 
65.967 0.5847 1 
70.967 0.5992 1 
75.968 0.6064 1 
B0.969 0.6208 1 
95.967 0.6281 1 
10.967 0.6353 1 
25.968 0.6425 1 
40.967 0.6497 1 
55.967 0.6569 1 
70.968 0.6714 1 
B5.967 0.6786 1 
00.967 0.6858 1 
15.968 0.6858 1 
30.967 0.693 1 
45.967 0.7002 1 
50.968 0.7002 1 
75.967 0.7147 1 
30.967 0.7219 1 
05.968 0.7291 1 
20.967 0.7147 1 
35.967 0.7219 1 
50.968 0.7291 1 
55.967 0.7363 1 
30.967 0.7436 1 
~5.968 0.7436 1 
L0.967 0.7508 1 !( 
25.967 0.7508 1 
l0.968 0.7508 1 
55. 967 0.7508 1 
70.967 0.758 1 
35.968 0.758 1 
)0. 967 0.758 1 
LS.967 0.7652 1 
30.968 0.7652 1 
l5.967 0.7724 1 
50.967 0.7724 1 
75. 968 0.7797 1 
~0.967 0.7797 1 
)5. 967 0.7724 1 
rn. 969 0.7797 1 
>O. 967 0.7797 1 
30.967 0.7797 1 
!6. 973 0.7797 1 
)6. 973 0.7869 1 
36.974 0.7869 1 
L6. 973 0.7869 1 
16. 973 0.7869 1 
76. 974 0.7869 1 
)06. 97 0.7797 1 
)36.97 0.7869 1 
)66. 97 0.7797 1 . 
)96. 97 0.7941 1 t 
.26. 97 0.8013 1 
.56. 97 0.7869 1 
.86. 97 0.7869 1 
!16. 97 0.8013 1 



246.97 0.8013 1 
276.97 0.8013 1 

~~.:~ 
0.7941 1 
0.8013 1 

r '37 0.7941 1 
3 37 0.8013 1 
!1:26.97 0.8013 1 
!1:56. 97 0.8013 1 
!1:86. 97 0.8085 1 
516.97 0.7797 1 
546. 97 0. 7·941 1 
576. 97 0.7797 1 
506.97 0.7869 1 
536.97 0.7797 1 
566.97 0.7941 1 
596.97 0.8013 1 
726.97 0.8013 1 
756.97 0.8013 1 
786.97 0.8157 1 
316.97 0.8085 1 
346. 97 0.8085 1 
376.97 0.8085 1 
306.97 0.8085 1 
336.97 0.8085 1 
366.97 0.8157 1 
396.97 0.8085 1 
:>26.97 0.8085 1 
:>56.97 0.8157 1 
:>.8..6. 97 0.8085 1 

.• .. ..'\ 97 0.8157 1 
l 37 0.8157 1 
no.97 0.8157 1 
206.97 0.8157 1 
222.97 0.8157 1 
252.97 0.823 1 
282.97 0.823 1 
312.97 0.8157 1 
342.97 0.8085 1 
372.97 0.8157 1 
!1:02. 97 0.8085 1 
!1:32.97 0.8013 1 
!1:62.97 0.7941 1 
!1:92.97 0.7941 1 
522.97 0.7869 1 
552.97 0.7797 1 
582. 97 0.7869 1 
512.97 0.7797 1 
542. 97 0.7724 1 
572. 97 0.7652 1 
702.97 0.7797 1 
732. 97 0.7652 1 
762.97 0.7652 1 
792. 97 0.7724 1 
322.97 0.7869 1 

·, 97 0.7652 1 
37 0.758 1 



Unconfined Aquifer: NEUMAN 
AQTESOLV ===== Fl=HELP ======= 
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AQTESOLV 

A Program for 

Automatic Estimation of Aquifer Coefficients 

From Aquifer Test Data 

By: 

Glenn M. Duffield 
and 

James o. Rumbaugh, III 

Geraghty & Miller Modeling Group 
1895 Preston White Drive, Suite 301 

Reston, VA 22091 

(703) 476 - 0335 

A QT Es o L V is a user-friendly program designed to 
analyze data from aquifer tests automatically. Aquifer 
coefficients for a variety of aquifer test conditions can 
be estimated by A QT ES o L V, including the following: 

o confined aquifers, unconfined aquifers, 
and leaky aquifers 
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A Q T E S O L V R E S U L T S 
Version 1.10 (~ 

7/29/92 10:23:~ 

====================================================================== 
TEST DESCRIPTION 

ata set ••••••••••• 12a_t&dd.aqt 
ata set title ••••• STF, AQUIFE~ TEST, 12A DATA, 3A PUMPED 

nowns and Constants: 
No. of data points •••••••••••••••••• 281 
Pumping rate. . . . . . . . .. . . . . . . . . . . . . . . . 8. 02 
Radius (distance) to obs. well •••••• 24.21 
Aquifer saturated thickness ••••••••• 58.47 

==============--==============--======================================= 
ANALYTICAL METHOD 

neis (Unconfined Aquifer) 

==============~========================================· -====== 
RESULTS FROM STATISTICAL CURVE MATCHING 

rATISTICAL MATCH PARAMETER ESTIMATES 

T = 
s = 

Estimate 
6.7288E+000 +/
l.0045E-002 +/-

iALYSIS OF MODEL RESIDUALS 

Std. Error 
_7 .1453E-002 
5.5916E-004 

asidual = calculated - observed 
aighted residual= residual* weight 

~ighted Residual Statistics: 
Number of residuals ••••••••••••••• 281 
Number of estimated parameters •••• 2 
Degrees of freedom •••••••••••••••• 279 
Residual mean ••••••••••••••••••••• 0.003148 
Residual standard deviation ••••••• 0.03796 
Residual variance ••••••••••••••••• 0.001441 

,del Residuals: 

Time 

6E-005 
0.01734 
0.03462 

Observed 

0.0072 
0.0145 
0.0217 

Calculated 

0 
2.3243E-008 
2.3722E-005 

Residual 

0.0072 
0.0145 

0.021676 

Weight 

1 
1 
1 

( 



0.05046 0.0217 0.00023944 0.021461 1 
0.06774 0.0361 0.00092642 0.035174 1 
0.08358 0.0361 0.0020263 0.034074 1 
0.10086 0.0433 0.0036799 0.03962 1 

0.1167 0.0578 0.0055256 0.052274 1 
0.13398 0.0506 0.0078054 0.042795 1 
0.15126 0.0578 0.010282 0.047518 1 
0.18726 0.0578 0.015807 0.041993 1 
0.19878 0.0578 0.01763 0.04017 1 
0.21174 0.0578 0.019693 0.038107 1 

0.2247 0.0722 0.021761 0.050439 1 
0.23766 0.0722 0.023826 0.048374 1 
0.24918 0.0722 0.025654 0.046546 1 

0.2679 0.0722 0.028602 0.043598 1 
0.28374 0.0722 0.031067 0.041133 1 
0.30102 0.0722 0.033721 0.038479 1 
0.31686 0.0794 0.036118 0.043282 1 
0.33414 0.0794 0.038691 0.040709 1 
0.35142 0.0794 0.041219 0.038181 1 
0.36726 0.0794 0.043495 0.035905 1 
0.38454 0.0867 0.045933 0.040767 1· 
0.40038 0.0794 0.048127 0.031273 1 
0.41766 0.0867 0.050477 0.036223 1 

0.4335 0.0867 0.05259 0.03411 1 
0.45078 0.0867 0.054852 0.031848 1 
0.46806 0.0867 0.05707 0.02963 1 

0.4839 0.0939 0.059066 0.034834 1 
0.50118 0.0939 0.061202 0.032698 1 
0.51702 0.1011 0.063125 0.037975 1 

0.5343 0.0939 0.065184 0.028716 1 
0.55014 0.0939 0.067037 0.026863 1 
0.56742 0.1011 0.069022 0.032078 1 

0.5847 0.0939 0.070971 0.022929 1 
0.60054 0.1011 0.072726 0.028374 1 
0.61782 0.0939 0.074607 0.019293 1 
0.63366 0.1083 0.076302 0.031998 1 
0.65094 0.1011 0.078119 0.022981 1 
0.66678 0.1083 0.079758 0.028542 1 
0.68406 0.1083 0.081515 0.026785 1 
0.70134 0.1083 0.083243 0.025057 1 
0.71718 0.1083 0.084802 0.023498 1 
0.73446 0.1155 0.086475 0.029025 1 

0.7503 0.1155 0.087984 0.027516 1 
0.76758 0.1155 0.089605 0.025895 1 
0.78342 0.1155 0.091069 o_. 024431 1 

0.8007 0.1227 0.092641 0.0300-59 1 
0.8367 0.1227 0.095839 0.026861 1 

0.84966 0.1227 0.096966 0.025734 1 
0.86262 0.1227 0.09808 0.02462 1 
0.87414 0.13 0.09906 0.03094 1 

0.8871 0.1227 0.10015 0.02255 1 
0.89862 0.1227 0.10111 0.02159 1 
0.91734 0.13 0.10265 0.027351 1 
0.93462 0.13 0.10405 0.025951 1 
0.95046 0.13 0.10532 0.024684 1 
0.96774 0.13 0.10668 0.023322 1 
1.0513 0.1372 0.11301 0.024189 1 
1.1333 0.1372 0.11886 0.018342 1 
1.2169 0.1444 0.12447 0.019933 1 
1.3004 0.1372 0.12977 0.0074299 1 



1.3839 0.1516 0.1348 0.016803 1 
1.4674 0.1516 0.13958 0.012024 1 
1.5509 0.1516 0.14413 0.0074718 1 
1.6345 0.1588 0.14848 0.010325 1 

1.718 0.1588 0.15263 0.0061656 1 ,ti ::'\ 

1.8001 0.1588 0.15655 0.0022464 1 ( 

1.8836 0.1661 0.16038 0.0057162 1 
1.9685 0.1805 0.16413 0.016371 1 
2.4668 0.1877 0.18356 0.004139 1 
2.9679 0.2022 0.19979 0.0024085 1 
3.4676 0.2094 0.21363 -0.0042253 1 
3.9673 0.2166 0.22571 -0.0091073 1 
4.4669 0.2238 0.23643 -0.012631 1 
4.9681 0.231 0.2461 -0.015098 1 
5.4677 0.2382 0.25485 -0.016652 1 
5.9674 0.2382 0.26287 -0.02467 1 
6.4671 0.2382 0.27027 -0.032067 1 
6.9668 0.2455 0.27713 -0.031632 1 
7.4679 0.2527 0.28355 -0.030854 1 
7.9676 0.2599 0.28955 -0.029655 1 
8.4673 0.2527 0.2952 -0.0425 1. 
8.9669 0. 2671 0.30053 -0.033431 1 
9.4681 0.2671 0.30559 -0.038494 1 
9.9677 0.2743 0.31039 -0.036089 1 
10.467 0.2743 0.31495 -0.040654 1 
10.967 0.2816 0.31931 -0.037712 1 
11.467 0.2743 0.32348 -0.049179 1 
11.968 0.2816 0.32748 -0.045883 1 
12.468 0.2888 0.33132 -0.042515 1 
12.967 0.2888 0.335 -o. 0"462 1 
13.467 0.2888 0.33855 -0.049747 1 
13.968 0.296 0.34198 -0.045978 1 ( 

14.468 0.3032 0.34528 -0.04208 1 
14.967 0.3104 0.34847 -0.038072 1 
15.467 0.3104 0.35156 -0.041161 1 
15.967 0.3104 0.35455 -0.044153 1· 

16.468 0.3104 0.35746 -0.047063 1 
16.968 0.3177 0.36028 -0.042578 1 
17.467 0.3104 0.36301 -0.052614 1 
17.967 0.3177 0.36567 -0.047972 1 
18.468 0.3177 0.36827 -0.050567 1 
18.968 0.3177 0.37079 -0.053085 1 
19.467 0.3321 0.37324 -0.041139 1 
19.967 0.3321 0.37563 -0.043532 1 
20.467 0.3321 0.37797 -0.045866 1 
20.969 0.3393 0.38026 -0.04-0957 1 
21.967 0.3393 0.38465 -0.045351 1 
22.968 0.3465 0.38886 -0.042364 1 
23.967 0.3537 0.39289 -0.039193 1 
24.967 0.3537 0.39676 -0.043059 1 
25.968 0.361 0.40048 -0.039481 1 
26.967 0.361 0.40406 -0.043057 1 
27.968 0.361 0.40751 -0.04651 1 
28.967 0.361 0.41084 -0.049838 1 
29.968 0.3682 0.41406 -0.045858 1 

30.967 0.3754 0.41717 -0.04177 1 
31.968 0.3826 0.42019 -0.037587 1 ( 
32.967 0.3754 0.42311 -0.047708 1 

33.967 0.3826 0.42594 -0.043343 1 

34.968 0.3898 0.4287 -0.0389 1 



35.967 0.3898 0.43138 -0.041576 1 
36.968 0.3898 0.43398 -0.044183 1 
37.967 0.3971 0.43652 -0.039417 1 
38.968 0.3971 0.43899 -0.041889 1 
39.967 0.4043 0.4414 -0.037096 1 
40.968 0.4043 0.44375 -0.039447 1 
41.967 0.4043 0.44604 -0.041738 1 
42.967 0.4115 0.44828 -0.036776 1 
43.968 0.4115 0.45047 -0.038966 1 
44.967 0.4115 0.4526 -0.041103 1 
45.968 0.4187 0.4547 -0.035997 1 
46.967· 0.4259 0.45674 -0.030844 1 
47.968 0.4259 0.45875 -0.03285 1 
48.967 0.4259 0.46071 -0.034813 1 
49.968 0.4259 0.46264 -0.036738 1 
50.967 0.4332 0.46452 -0.031323 1 
51.967 0.4332 0.46637 -0.033172 1 
52.968 0.4404 0.46819 -0.027788 1 
53.967 0.4404 0.46997 -0.029568 1 
54.968 0.4404 0.47172 -0.031318 1 
55.967 0.4476 0.47343 -0.025834 1-
56.968 0.4548 0.47512 -0.020322 1 
57.967 0.4548 0.47678 -0.021979 1 
58.968 0.4548 0.47841 -0.02361 1 
59.967 0.4548 0.48001 -0.025211 1 

60.97 0.462 0.48159 -0.019591 1 
65.968 0.4765 0.4891 -0.012601 1 
70.968 0.4909 0.49607 -0.0051662 1 
75.967 0.4909 0.50256 -0.01166 1 
80.967 0.4981 0.50864 -0.010541 1 
85.968 0.5053 0.51436 -0.0090608 1 
90.968 0.5126 0.51976 -0.0071569 1 
95.967 0.5198 0.52487 -0.0050654 1 
100.97 0.527 0.52972 -0.0027154 1 
105.97 0.5342 0.53433 -0.0001321 1 
110.97 0.5342 0.53874 -0.0045376 1 
115.97 0.5487 0.54295 0.0057513 1 
120.97 0.5487 0.54698 0.0017182 1 
125.97 0.5559 0.55085 0.0050471 1 
130.97 0.5631 0.55457 0.0085255 1 
135.97 0.5703 0.55816 0.012144 1 
140.97 0.5631 0.56161 0.0014913 1 
145.97 0.5775 0.56494 0.012558 1 
150.97 0.5775 0.56816 0.0093372 1 
155.97 0.5847 0.57128 . 0.01342 1 
160.97 0.592 0.5743 0.017702 1 
165.97 0.5847 0.57722 0.0074761 1 
170.97 0.5992 0.58006 0.019136 1 
175.97 0.6064 0.58282 0.023578 1 
180.97 0.6208 0.5855 0.035296 1 
195.97 0.6281 0.59312 0.034976 1 
210.97 0.6353 0.60018 0.035116 1 
225.97 0.6425 0.60676 0.03574 1 
240.97 0.6497 0.61291 0.036786 1 
255.97 0.6569 0.6187 0.038202 1 
270.97 0.6714 0.62415 0.047247 1 
285.97 0.6786 0.62931 0.049285 1 
300.97 0.6858 0.63421 0.051587 1 
315.97 0.6858 0.63887 0.046926 1 
330.97 0.693 0.64332 0.049681 1 



345.97 0.7002 0.64757 0.052633 1 
360.97 0.7002 0.65164 0.048564 1 
375.97 0.7147 0.65554 0.059162 1 
390.97 0.7219 0.65929 0.062611 1 
405.97 0.7291 0.6629 0.066201 1 
420.97 0.7147 0.66638 0.048322 1 
435.97 0.7219 0.66974 0.052165 1 
450.97 0.7291 0.67298 0.05612 1 
465.97 0.7363 0.67612 0.060182 1 
480.97 0.7436 0.67916 0.064443 1 
495.97 0.7436 0.6821 0.061497 1 
510.97 0.7508 0.68496 0.065839 1 
525.97 0.7508 0.68774 0.063063 1 
540.97 0.7508 0.69043 0.060365 1 
555.97 0.7508 0.69306 0.057741 1 
570.97 0.758 0.69561 0.062387 1 
585.97 0.758 0.6981 0.059898 1 
600.97 0.758 0.70053 0.057473 1 
615.97 0.7652 0.70289 0.062307 1 
630.97 0 .7652 0.7052 0.059998 1 
645.97 0.7724 0.70746 0.064943 1· 
660.97 0.7724 0.70966 0.06274 1 
675.97 0.7797 0.71181 0.067886 1 
690.97 0.7797 0.71392 0.065779 1 
705.97 0.7724 0.71598 0.056418 1 
720.97 0.7797 0.718 0.061699 1 
750.97 0.7797 0.72191 0.057786 1 
780.97 0.7797 0.72568 0.054025 1 
826.97 0.7797 0.73117 0.048529 1 
856.97 0.7869 0.73459 0.052307 1 
886.97 0.7869 0.7379 0.049002 1 
916.97 0.7869 0.74109 0.045808 1 
946.97 0.7869 0.74418 0.042716 1 
976.97 0.7869 0.74718 0.03972 1 

1007 0.7797 0.75008 0.029615 1 
1037 0.7869 0.7529 0.033995 1 
1067 0.7797 0.75564 0.024055 1 
1097 0.7941 0.75831 0.035791 1 
1127 0.8013 0.7609 0.040399 1 
1157 0.7869 0.76343 0.023475 1 
1187 0.7869 0.76589 0.021015 1 
1217 0.8013 0.76828 0.033016 1 
1247 0.8013 0.77062 0.030676 1 
1277 0.8013 0.77291 0.028392 1 
1307 0.7941 0.77514 0.01896 1 
1337 0.8013 0.77732 0.023979 1 
1367 0.7941 0.77945 0.014646 1 
1397 0.8013 0.78154 0.019759 1 
1427 0.8013 0.78358 0.017717 1 
1457 0.8013 0.78558 0.015717 1 
1487 0.8085 0.78754 0.020958 1 
1517 0.7797 0.78946 -0.0097622 1 
1547 0.7941 0.79134 0.0027551 1 
1577 0.7797 0.79319 -0.013491 1 
1607 0.7869 0.795 -0.0081032 1 
1637 0.7797 0.79678 -0.017082 1 . 
1667 0.7941 0.79853 -0.0044276 1 ( 
1697 0.8013 0.80024 0.0010574 1 
1727 0.8013 0.80193 -0.00062764 1 
1757 0.8013 0.80358 -0.0022837 1 



1787 0.8157 0.80521 0.010488 1 
1817 0.8085 0.80681 0.0016873 1 
1847 0.8085 0.80839 0.00011246 1 
1877 0.8085 0.80994 -0.001437 1 
1907 0.8085 0.81146 -0.002962 1 
1937 0.8085 0.81296 -0.0044632 1 
1967 0.8157 0.81444 0.0012586 1 
1997 0.8085 0.8159 -0.0073972 1 
2027 0.8085 0.81733 -0.0088314 1 
2057 0.8157 0.81874 -0.0030445 1 
2087 0.8085 0.82014 -0.011637 1 
2117 0.8157 0.82151 -0.0058101 1 
2147 0.8157 0.82286 -0.0071636 1 
2177 0.8157 0.8242 -0.0084985 1 
2207 0.8157 0.82552 -0.0098151 1 
2223 0.8157 0.82621 -0.01051 1 
2253 0.823 0.8275 -0.0044995 1 
2283 0.823 0.82877 -0.0057721 1 
2313 0.8157 0.83003 -0.014328 1 
2343 0.8085 0.83127 -0.022768 1 
2373 0.8157 0.83249 -0.016792 1 
2403 0.8085 0.8337 -0.025201 1 
2433 0.8013 0.83489 -0.033594 1 
2463 0.7941 0.83607 -0.041973 1 
2493 0.7941 0.83724 -0.043138 1 
2523 0.7869 0.83839 -0.051489 1 
2553 0.7797 0.83953 -0.059827 1 
2583 0.7869 0.84065 -0.053751 1 
2613 0.7797 0.84176 -0.062062 1 
2643 0.7724 0.84286 -0.07046 1 
2673 0.7652 0.84395 -0.078747 1 
2703 0.7797 0.84502 -0.065321 1 
2733 0.7652 0.84608 -0.080883 1 
2763 0.7652 0.84713 -0.081933 1 
2793 0.7724 0.84817 -0.075773 1 
2823 0.7869 0.8492 -0.062301 1 
2853 0.7652 0.85022 -0.085018 1 
2883 0.758 0.85123 -0.093225 1 

= 
RESULTS FROM VISUAL CURVE MATCHING 

:SUAL MATCH PARAMETER ESTIMATES 

Estimate 
T = 6.7288E+000 
s = 1.0045E-002 

:<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>> 
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A Q T E S O L V R E S U L T S 
Version 1.10 

rl--/92 10:49:52 

TEST DESCRIPTION 

tta set •••••••••.• 12a_t&dd.aqt 
tta set title ••••• STF, AQUIFER TEST, 12A DATA, 3A PUMPED 

1owns and Constants: 
No. of data points •••••••••••.•••••• 281 
Pumping rate. . . . . . . . . . . . . .. . . . . . . . . . . 8. 02 
Radius (distance) to obs. well •••••• 24.21 
Aquifer saturated thickness ••.•.•..• 58.47 

ANALYTICAL METHOD 

>oper-Jacob (Unconfined Aquifer) 

=================================================================.=========== 
RESULTS FROM STATISTICAL CURVE MATCHING 

rATISTICAL MATCH PARAMETER ESTIMATES 

T = 
s = 

Estimate 
7.7035E+OOO +/-
4.6441E-003 +/-

lALYSIS OF MODEL RESIDUALS 

Std. Error 
l.1066E-001 

-3.7335E-004 

lsidual = calculated - observed 
lighted residual= residual* weight 

lighted Residual Statistics: 
Number of residuals •••••••••.•••.• 281 
Number of estimated parameters •••• 2 
Degrees of freedom •••••••••••••••. 279 
Residual mean •.•.••••••••••••••••• -7.108E-007 
Residual standard deviation ••••••• 0.06456 
Residual variance ••••••••••.•••••• 0.004168 

>del Residuals: 

Time 

6E-005 
0.01734 
0.03462 

Observed 

0.0072 
0.0145 
0.0217 

Calculated 

-0.64868 
-0.18246 
-0.12531 

Residual 

0.65588 
0.19696 
0.14701 

Weight 

1 
1 
1 



0.05046 0.0217 -0.094154 0.11585 1 
0.06774 0.0361 -0.069786 0.10589 1 
0.08358 0.0361 -0.052392 0.088492 1 
0.10086 0.0433 -0.036832 0.080132 1 

0.1167 0.0578 -0.024751 0.082551 1 (~:.""\. 
0.13398 0.0506 -0.013313 0.063913 1 ' 
0.15126 0.0578 -0.0032622 0.061062 1 
0.18726 0.0578 0.01443 0.04337 1 
0.19878 0.0578 0.019379 0.038421 1 
0.21174 0.0578 0.024614 0.033186 1 

0.2247 0.0722 0.029539 0.042661 1 
0.23766 0.0722 0.034188 0.038012 1 
0.24918 0.0722 0.038113 0.034087 1 

0.2679 0.0722 0.044119 0.028081 1 
0.28374 0.0722 0.048883 0.023317 1 
0.30102 0.0722 0.053786 0.018414 1 
0.31686 0.0794 0.05804 0.02136 1 
0.33414 0.0794 0.062444 0.016956 1 
0.35142 0.0794 0.066627 0.012773 1 
0.36726 0.0794 0.070285 0.0091155 1 
0.38454 0.0867 0.074099 0.012601 1-
0.40038 0.0794 0.077448 0.0019518 1 
0.41766 0.0867 0.080954 0.0057458 1 
0.4335 0.0867 0.084043 0.002657 1 

0.45078 0.0867 0.087287 -0.00058666 1 
0.46806 0.0867 0.090408 -0.0037084 1 

0.4839 0.0939 0.093171 0.00072943 1 
0.50118 0.0939 0.096083 -0.0021827 1 
0.51702 0.1011 0.098665 0.0024347 1 

0.5343 0.0939 0.10139 -0.0074942 1 
0.55014 0.0939 0.10382 -0.0099193 1 
0.56742 0.1011 0.10639 -0.0052866 1 
0.5847 0.0939 0.10888 -0.014977 1 

0.60054 0.1011 0.1111 -0.0099961 1 
0.61782 0.0939 0.11345 -0.019551 1 
0.63366 0 .1083. 0.11555 -0.007253 1 
0.65094 0.1011 0.11779 -0.016687 1 
0.66678 0.1083 0.11978 -0.011483 1 
0.68406 0.1083 0.12191 -0.013608 1 
0.70134 0.1083 0.12398 -0.015679 1 
0.71718 0.1083 0.12583 -0.017534 1 
0.73446 0.1155 0.12781 -0.012311 1 

0.7503 0.1155 0.12958 -0.014083 1 
0.76758 0.1155 0.13147 -0.015974 1 
0.78342 0.1155 0.13317 -0.01767 1 

0.8007 0.1227 0.13498 -0.012282 1 
0.8367 0.1227 0.13863 -0.015935 1 

0.84966 0.1227 0.139·91 -0.017212 1 
0.86262 0.1227 0.14117 -0.018469 1 
0.87414 0.13 0.14227 -0.012271 1 

0.8871 0.1227 0.14349 -0.020794 1 
0.89862 0.1227 0.14457 -0.021865 1 
0.91734 0.13 0.14628 -0.016278 1 
0.93462 0.13 0.14783 -0.017828 1 
0.95046 0.13 0.14922 -0.019224 1 
0.96774 0.13 0.15072 -0.020721 1 
1.0513 0.1372 0.1576 -0.020399 1 

. 
l 

1.1333 0.1372 0.16385 -0.026645 1 
1.2169 0.1444 0.16975 -0.025354 1 
1.3004 0.1372 0.17527 -0.038071 1 



1.3839 0.1516 0.18044 -0.028845 1 
1.4674 0.1516 0.18532 -0.033716 1 
1.5509 0.1516 0.18992 -0.038318 1 
1.6345 0.1588 0.19428 -0.035478 1 
1.718 0.1588 0.19842 -0.039622 1 

1.8001 0.1588 0.2023 -0.043502 1 
1.8836 0.1661 0.20607 -0.039973 1 
1.9685 0.1805 0.20974 -0.029242 1 
2.4668 0.1877 0.22851 -0.040808 1 
2.9679 0.2022 0.24389 -0.041695 1 
3.4676 0.2094 0.25684 -0.047444 1 
3. 9673 · 0.2166 0.26805 -0.051449 1 
4.4669 0.2238 0.27792 -0.054125 1 
4.9681 0.231 0.28678 -0.055778 1 
5.4677 0.2382 0.29476 -0.056559 1 
5.9674 0.2382 0.30204 -0.063842 1 
6.4671 0.2382 0.30874 -0.07054 1 
6.9668 0.2455 0.31494 -0.069441 1 
7.4679 0.2527 0.32073 -0.068028 1 
7.9676 0.2599 0.32612 -0.066224 1 
8.4673 0.2527 0.33119 -0.078493 1-
8.9669 0.2671 0.33597 -0.068871 1 
9.4681 0.2671 0.3405 -0.073404 1 
9.9677 0.2743 0.34479 -0.07049 ·l 
10.467 0.2743 0.34887 -0.074567 1 
10.967 0.2816 0.35275 -0.071155 1 
11.467 0.2743 0.35647 -0.082169 1 
11.968 0.2816 0.36004 -0.078436 1 
12.468 0.2888 0.36345 -0.074646 1 
12.967 0.2888 0.36672 -0.077923 1 
13.467 0.2888 0.36988 -0.081075 1 
13.968 0.296 0.37292 -0.076923 1 
14.468 0.3032 o. 37585 . -0.072653 1 
14.967 0.3104 0.37869 -0.068285 1 
15.467 0.3104 0.38142 -0.071024 1 
15.967 0.3104 0.38408 ·-0.073676 1 
16.468 0.3104" 0.38665 -0.076254 1 
16.968 0.3177 0.38915 -0.071447 1 
17.467 0.3104 0.39157 -0.081169 1 
17.967 0.3177 0.39392 -0.076221 1 
18.468 0.3177 0.39622 -0.078517 1 
18.968 0.3177 0.39844 -0.080743 1 
19.467 0.3321 0.40061 -0.068513 1 
19.967 0.3321 0.40273 -0.070628 1 
20.467 0.3321 0.40479 ~0.07269 1 
20.969 0.3393 0.40681 -0.067514 1 
21.967 0.3393 0.41069 -0.071394 1 
22.968 0.3465 0.41441 -0.067912 1 
23.967 0.3537 0.41797 -0.064266 1 
24.967 0.3537 0.42138 -0.067676 1 
25.968 0.361 0.42466 -0.063656 1 
26.967 0.361 0.42781 -0.066808 1 
27.968 0.361 0.43085 -0.06985 1 
28.967 0.361 0.43378 -0.072781 1 
29.968 0.3682 0.43662 -0.068416 1 
30.967 0.3754 0.43936 -0.063955 1 
31.968 0.3826 0.44201 -0.059411 1 
32.967 0.3754 0.44458 -0.069181 1 
33.967 0.3826 0.44707 -0.064474 1 
34.968 0.3898 0.4495 -0.059699 1 



35.967 0.3898 0.45185 -0.062052 1 
36.968 0.3898 0.45414 -0.064344 1 
37. 967 · 0.3971 0.45637 -0.059272 1 
38.968 0.3971 0.45854 -0.061445 1 
39.967 0.4043 0.46066 -0.05636 1 
40.968 0.4043 0.46273 -0.058425 1 
41.967 0.4043 0.46474 -0.060438 1 
42.967 0.4115 0.4667 -0.055204 1 
43.968 0.4115 0.46863 -0.057127 1 
44.967 0.4115 0.4705 -0.059005 1 
45.968 0.4187 0.47234 -0.053644 1 
46.967 0.4259 0.47414 -0.04824 1 
47.968 0.4259 0.4759 -0.050002 1 
48.967 0.4259 0.47762 -0.051724 1 
49.968 0.4259 0.47931 -0.053415 1 
50.967 0.4332 0.48097 -0.047769 1 
51.967 0.4332 0.48259 -0.049392 1 
52.968 0.4404 0.48419 -0.043785 1 
53.967 0.4404 0.48575 -0.045347 1 
54.968 0.4404 0.48728 -0.046882 1 
55.967 0.4476 0.48879 -0.041188 1· 
56.968 0.4548 0.49027 -0.035469 1 
57.967 0.4548 0.49172 -0.036922 1 
58.968 0.4548 0.49315 -0.038353 1 
59.967 0.4548 0.49456 -0.039757 1 

60.97 0.462 0.49594 -0.033942 1 
65.968 0.4765 0.50253 -0.026027 1 
70.968 0.4909 0.50863 -0.017734 1 
75.967 0.4909 0.51432 -0.023425 1 
80.967 0.4981 0.51965 -0.021553 1 
85.968 0.5053 0.52466 -0.019364 1 
90.968 0.5126 0.52939 -0.016791 1 
95.967 0.5198 0.53387 -0.014065 1 
100.97 0.527 0.53811 -0.011112 1 
105.97 0.5342 0.54215 -0.0079548 1 
110.97 0.5342 0.54601 -0.011812 1 
115.97 0.5487 0.5497 -0.00099827 1 
120.97 0.5487 0.55323 -0.0045286 1 
125.97 0.5559 0.55662 -0.0007169 1 
130.97 0.5631 0.55987 0.0032259 1 
135.97 0.5703 0.56301 0.0072913 1 
140.97 0.5631 0.56603 -0.0029298 1 
145.97 0.5775 0.56895 0.0085538 1 
150.97 0.5775 0.57176 0.0057355 1 
155.97 0.5847 0.57449 0.010208 1 
160.97 0.592 0.57713 0. 01·466~ 1 
165.97 0.5847 0.57969 0.005008 1 
170.97 0.5992 0.58218 0.017024 1 
175.97 0.6064 0.58459 0.021811 1 
180.97 0.6208 0.58693 0.033865 1 

195.97 0.6281 0.5936 0.0345 1 

210.97 0.6353 0.59977 0.035526 1 

225.97 0.6425 0.60553 0.036975 1 

240.97 0.6497 0.61091 0.038793 1 

255.97 0.6569 0.61596 0.040936 1 
270.97 0.6714 0.62073 0.050667 1 

285.97 0.6786 0.62525 0.053354 1 
. 

" 300.97 0.6858 0.62953 0.056272 1 

315.97 0.6858 0.6336 0.052198 1 
330.97 0.693 0.63749 0.055513 1 



345.97 0.7002 0.6412 0.058999 1 
360.97 0.7002 0.64476 0.055443 1 
375.97 0.7147 0.64817 0.066532 1 
390.97 0.7219 0.65145 0.070453 1 
405.97 0.7291 0.6546 0.074498 1 
420.97 0.7147 0.65764 0.057058 1 
435.97 0.7219 0.66058 0.061324 1 
450.97 0.7291 0.66341 0.065688 1 
465.97 0.7363 0.66615 0.070146 1 
480.97 0.7436 0.66881 0.07479 1 
495.97 0.7436 0.67138 0.072216 1 
510.97 0.7508 0.67388 0.076918 1 
525.97 0.7508 0.67631 0.074493 1 
540.97 0.7508 0.67866 0.072135 1 
555.97 0.7508 0.68096 0.069843 1 
570.97 0.758 0.68319 0.074811 1 
585.97 0.758 0.68536 0.072636 1 
600.97 0.758 0.68748 0.070517 1 
615.97 0.7652 0.68955 0.07565 1 
630.97 0.7652 0.69157 0.073632 1 
645.97 0.7724 0.69354 0.078862 1-
660.97 0.7724 0.69546 0.076937 1 
675.97 0.7797 0.69734 0.082355 1 
690.97 0.7797 0.69919 0.080515 1 
705.97 0.7724 0.70099 0.071413 1 
720.97 0.7797 0.70275 0.07695 1 
750.97 0.7797 0.70617 0.073531 1 
780.97 0.7797 0.70945 0.070245 1 
826.97 0.7797 0.71426 0.065444 1 
856.97 0.7869 0.71725 0.069654 1 

,..,,. ... 886.97 0.7869 0.72013 0.066768 1 
916.97 0.7869 0.72292 0.063977 1 
946.97 0.7869 0.72562 0.061276 1 
976.97 0.7869 0.72824 0.058659 1 

1007 0.7797 0.73078 0.048922 1 
1037 0.7869 0.73324 0.053658 1 
1067 0.7797 0.73564 0.044065 1 
1097 0.7941 0.73796 0.056138 1· 
1127 0.8013 0.74023 0.061074 1 
1157 0.7869 0.74243 0.044469 1 
1187 0.7869 0.74458 0.04232 1 
1217 0.8013 0.74667 0.054625 1 
1247 0.8013 0.74872 0.052581 1 
1277 0.8013 0.75071 0.050586 1 
1307 0.7941 0.75266 Q.041436 1 
1337 0.8013 0.75457 0.046731 1 
1367 0.7941 0.75643 0.037668 1 
1397 0.8013 0.75825 0.043046 1 
1427 0.8013 0.76004 0.041262 1 
1457 0.8013 0.76178 0.039515 1 
1487 0.8085 0.7635 0.045004 1 
1517 0.7797 0.76517 0.014527 1 
1547 0.7941 0.76682 . 0. 027283 1 
1577 0.7797 0.76843 0.01127 1 
1607 0.7869 0.77001 0.016888 1 
1637 0.7797 0.77157 0.0081348 1 
1667 0.7941 0.77309 0.02101 1 
1697 0.8013 0.77459 0.026712 1 
1727 0.8013 0.77606 0.02524 1 
1757 0.8013 0.77751 0.023794 1 



1787 0.8157 0.77893 0.036772 1 
1817 0.8085 0.78033 0.028174 1 
1847 0.8085 0.7817 0.026799 1 
1877 0.8085 0.78305 0.025445 1 
1907 0.8085 0.78439 0.024114 1 ~\ 
1937 0.8085 0.7857 0.022803 1 
1967 0.8157 0.78699 0.028712 1 
1997 0.8085 o .• 78826 0.02024 1 
2027 0.8085 0.78951 0.018988 1 
2057 0.8157 0.79075 0.024954 1 
2087 0.8085 0.79196 0.016538 1 
2117 0.8157 0.79316 0.022539 1 
2147 0.8157 0.79434 0.021357 1 
2177 0.8157 0.79551 0.020191 1 
2207 0.8157 0.79666 0.019041 1 
2223 0.8157 0.79727 0.018434 1 
2253 0.823 0.79839 0.024608 1 
2283 0.823 0.7995 0.023497 1 
2313 0.8157 0.8006 0.0151 1 
2343 0.8085 0.80168 0.0068175 1 
2373 0.8157 0.80275 0.012949 1· 
2403 0.8085 0.80381 0.0046931 1 
2433 0.8013 0.80485 -0.0035494 1 
2463 0.7941 0.80588 -0.011779 1 
2493 0.7941 0.8069 -0.012796 1 
2523 0.7869 0.8079 -0.021001 1 
2553 0.7797 0.80889 -0.029195 1 
2583 0.7869 0.80988 -0.022976 1 
2613 0.7797 0.81085 -0.031147 1 
2643 0.7724 0.81181 -0.039406 1 
2673 o._7652 0.81275 -0.047554 1 { 2703 0.7797 0.81369 -0.033992 1 
2733 0.7652 0.81462 -0.04942 1 
2763 0.7652 0.81554 -0.050337 1 
2793 0.7724 0.81644 -0.044045 1 
2823 o.18~ 0.81734 -0.030442 1 
2853 0.7652 0.81823 -0.053031 1 
2883 0.758 0.81911 -0.06111 1 

=========================================================== 
RESULTS FROM VISUAL CURVE MATCHING 

CSUAL MATCH PARAMETER ESTIMATES 

Estiniate 
T = 4.7244E+OOO 
s = 3.6316E-002 

:<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>> 
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A Q T E S O L V R E S U L T S 
Version 1.10 

7/29/92 

= 
TEST DESCRIPTION 

ata set ••••••••••• 12a_t&re.aqt 
ata set title ••••• STF, AQUIFE~ TEST, 12A DATA, 3A RECOVERY 

~owns and Constants: 
No. of data points •••••••••••••••••• 203 
Pumping rate ....•..•...•........••.. 8.02 
Total pumping time •••••••••••••••••• 2852 

================================================================== 
ANALYTICAL METHOD 

1eis Recovery (Confined Aquifer) 

RESULTS FROM STATISTICAL CURVE MATCHING 

L ..... i'lSTICAL MATCH PARAMETER ESTIMATES 

T = 
$ I = 

Estimate 
1.5019E+000 +/-
8.0574E+000 +/-

JALYSIS OF MODEL RESIDUALS 

Std. Error 
3.9068E-002 
2.4771E-001 

1sidual = calculated - observed 
1ighted residual= residual* weight 

tighted Residual Statistics: 
Number of residuals ••••••••••••••• 203 
Number of estimated parameters •••• 2 
Degrees of freedom •••••••••••••••• 201 
Residual mean ••••••••••••••••••••• -5.262E-Ol2 
Residual standard deviation ••••••• 0.07179 
Residual variance ••••••••••••••••• 0.005154 

idel Residuals: 

Time Observed Calculated Residual 

---------- ------------- ------------- -------------
30 0.758 1.0534 -0.29544 
60 0.7508 0.76324 -0.012444 

75.55 0.758 0.66756 0.090438 
77.55 0.7436 0.65675 0.086853 

( 

Weight 

-------------
l ( 
l 
l 
l 



79.86 0.7436 0.64461 0.098994 1 
81.87 0.7508 0.63433 0.11647 1 
83.87 0.758 0.62436 0.13364 1 
85.87 0.7508 0.61464 0.13616 1 
87.87 0.7436 0.60514 0.13846 1 

89 0.7436 0.59987 0.14373 1 
89.02 0.7364 0.59978 0.13662 1 
89.03 0.7364 0.59973 0.13667 1 
89.05 0.7219 0.59964 0.12226 1 
89.07 0.7147 0.59955 0.11515 1 
89.08 0.7219 0.5995 0.1224 1 
89.1 0.7075 0.59941 0.10809 1 

89.12 0.7147 0.59932 0.11538 1 
89.13 0.7075 0.59927 0.10823 1 
89.15 0.7003 0.59918 0.10112 1 
89.17 0.7075 0.59909 0.10841 1 
89.18 0.693 0.59904 0.093959 1 
89.2 0.693 0.59895 0.094051 1 

89.22 0.693 0.59886 0.094144 1 
89.23 0.6858 0.59881 0.08699 1 
89.25 0.6858 0.59872 0.087082 1· 

89.27 0.6858 0.59863 0.087175 1 
89.28 0.6786 0.59858 0.080021 1 
89.3 0.6858 0.59849 0.087313 1 

89.32 0.6786 0.59839 0.080206 1 
89.33 0.6786 0.59835 0.080252 1 
89.35 0.6714 0.59826 0.073144 1 
89.37 0.6714 0.59816 0.073236 1 
89.38 0.6714 0.59812 0.073282 1 
89.4 0.6714 0.59803 0.073374 1 

89.42 0.6642 0.59793 0.066267 1 
89.43 0.6642 0.59789 0.066313 1 
89.45 0.6642 0.5978 0.066405 1 
89.47 0.6642 0.5977 0.066497 1 
89.48 0.657 0.59766 0.059343 1 
89.5 0.657 0.59756 0.059435 1 

89.52 0.657 0.59747 0.059527 1 
89.53 0.6497 0.59743 0.052273 1 
89.55 0.6497 0.59733 0.052365 1 
89.57 0.6497 0.59724 0.052457 1 
89.58 0.6497 0.5972 0.052503 1 
89.6 0.6497 0.5971 0.052595 1 

89.62 0.6497 0.59701 0.052687 1 
89.65 0.6425 0.59687 0.045625 1 
89.67 0.6425 0.59678 0 .• 045717 1 
89.68 0.6425 0.59674 o. 0"45763 . ~, . 1 

89.69 0.6425 0.59669 0.045809 1 
89.7 0.6425 0.59665 0.045855 1 

89.71 0.6425 0.5966 0.045901 1 
89.73 0.6425 0.59651 0.045993 1 
89.75 0.6425 0.59642 0.046085 1 
89.77 0.6425 0.59632 0.046176 1 
89.78 0.6425 0.59628 0.046222 1 
89.8 0.6353 0.59619 0.039114 1 

89.82 0.6353 0.59609 0.039206 1 
89.83 0.6353 0.59605 0.039252 1 

( 89.85 0.6353 0.59596 0.039343 1 
89.87 0.6353 0.59586 0.039435 1 
89.88 0.6353 0.59582 0.039481 1 
89.9 0.6281 0.59573 0.032373 1 



89.92 0.6281 0.59564 0.032464 1 
89.93 0.6353 0.59559 0.03971 1 
89.95 0.6281 0.5955 0.032602 1 
89.97 0.6353 0.59541 0.039893 1 1~ 89.98 0.6281 0.59536 0.032739 1 

90 0.6281 0.59527 0.032831 1 
90.08 0.6209 0.5949 0.025997 1 
90.17 0.6136 0.59449 0.019108 1 
90.25 0.6136 0.59413 0.019474 1 
90.33 0.6136 0.59376 0.019839 1 
90. 42. 0.6064 0.59335 0.013049 1 
90.5 0.5992 0.59299 0.0062132 1 

90.58 0.5992 0.59262 o. 00.65772 1 
90.67 0.5992 0.59221 0.0069863 1 
90.75 0.5992 0.59185 0.0073496 1 
90.83 0.592 0.59149 0.00051252 1 
90.92 0.592 0.59108 0.00092045 1 

91 0.592 0.59072 0.0012827 1 
91.5 0.5848 0.58846 -0.0036606 1 

92 0.5775 0.58622 -0.0087166 1 
92.5 0.5703 0.58399 -0.013685 1· 

93 0.5559 0.58177 -0.025866 1 
93.5 0.5487 0.57956 -0.030859 1 

94 0.5559 0.57736 -0.021465 1 
94.5 0.5487 0.57518 -0.026482 1 

95 0.5415 0.57301 -0.031511 1 
95.5 0.5342 0.57085 -0.036652 1 

96 0.5342 0.5687 -0.034505 1 
96.5 0.5198 0.56657 -0.046769 1 

97 0.5198 0.56444 -0.044645 1 
97.5 0.5054 0.56233 -0.056932 1 ( 

98 0.5198 0.56023 -0.04043 1 
98.5 0.5054 0.55814 -0.052739 1 

99 0.4981 0.55606 -0.057959 1 
99.5 0.4981 0.55399 -0.05589 1 

100 0.5054 0.55193 -0.046531 1 
100.5 0.4909 0.54988 -0.058983 1 

101 0.4909 0.54785 -0.056946 1 
101.5 0.4837. 0.54582 -0.062119 1 

102 0.4909 0.5438 -0.052902 1 
102.5 0.4837 0.5418 -0.058096 1 

103 0.4837 0.5398 -0.0561 1 
103.5 0.4837 0.53781 -0.054113 1 

104 0.4765 0.53584 -0.059337 1 
104.5 0.462 0.53387 -0.07187 1 

105 0.4693 0.53191 -o.o·e2614 1 
105.5 0.462 0.52997 -0.067966 1 

106 0.462 0.52803 -0.066029 1 
106.5 0.4548 0.5261 -0.0713 1 

107 0.4548 0.52418 -0.069381 1 
107.5 0.462 0.52227 -0.060272 1 

108 0.4548 0.52037 -0.065571 1 
108.5 0.4476 0.51848 -0.07088 1 

109 0.4476 0.5166 -0.068998 

( 



( 

STF - AQUZFER TEST 
NMW-3A PUMPED, CBS-12A OBS (DATA) 
JACOB STRAZGHT LZNE METHOD 

Transmissivity 

2.30 

T .-

[ 4•p•[[s2 ~si JJJ 

(1) D 

flowrate Q 
gal 

.- 60 •-.-
min 

radius r ·-.- 24.2l•ft 

time t1 .- l0•min 

drawdown s1 .- 0. 24 • ft 

2.30 

T .-

[ 4-p•[[s2 /1 lj] 
(1) 

12 March 92 
'fC/J 916055.09 
12a t&dd.mcd 

Storage coefficient 

s .-

t2 .- l00•min 

s2 .- 0.53•ft 

ft 2 
T = 5.06-;

min <------ Transmissivity 

T = 54529. 78 gal 
. {ft· day) 

S = 0.029 <------ storage coefficient 

NOTE: see attached graph for semi-log plot of data and straight 
line. 



t1 t2 



STP - AQUIPER TEST 
:NMW-3A PUMPED, CBS-12A OBS (DATA) 
THEIS METHOD 

DEVELOP STANDARD THEIS CURVE 

i := 0 •• 9 

1 
ui .- 101 

12 March 92 
K/J 916055.09 
12a_THES.mcd 

w . - - o • 5 7 7 216 - ln[ u. ] + u. - [ u,]2 + [ u,]3 
- [ ui ]4 + [ u, ]5 - [ u, ]6 + [ u; ]7 - [ u,]8 

i 1 1 4 18 96 600 4320 35280 32256 

PLOT PIBLD DATA SET IN THEIS PORK 

gal 
Q .- 60·

min 

r .- 24. 21 • ft 

test pumping rate 

radius between pumping and observation 
well 

t s .- READPRN (data_l2a) read time-drawdown data file 

t .- t_s<o> ·min 

s := t_s< 1> · ft 

N .- length (t) 

N = 281 

j := 0 •• N - 1 

time data 

drawdown data 

number of observations, N 



Estimates of Transmissivity, T, and Storage Coefficient, S 

ft2 
T .- 9•

min 
S .- o. 003 

BHLARGBD PLOT 01' DATA UD STANDARD TJIB:IS CURVBS 

100 

10 

1 

~ 
001 

ft 2 
T= 9•

min 

0.1 

/, 

. 

-
~ 

~ 

,_, ~,,, 
// 

// 

II --· , 
_J, 

I 

I I I 

10 1000 1·1~ 

T = 9.695•194 gal 
(ft •day) 

I 

1·10' 1 "1 

S = 0.003 



Bapsad Time 
(mlnutasl 

0 

25 

56 

95 

117 

190 

230 

285 

345 

405 

465 

525 

585 

645 

705 

765 

825 

885 

945 

1 005 

1,065 

1,125 

1.185 

1,245 

1,305 

1,365 

Test 

AQUIFER TEST DATA SHEET 

WATER LEVEL MEASUREMENTS 
DURING AQUIFER TEST AT WELL NMW-3A 

South Tacoma Field 

Observation Well Observation Wall 
Water Laval Depth - Feat Water Laval Daoth - Feat 

NMW-3B · NMW-3C 
Bapsad Tuna 

NMW-3B NMW-3C (mlnutasl 

Start Test 1 425 20.74 24.44 

20.84 24.57 1,485 20.74 24.44 

20.84 24.57 1,545 20.71 24.42 

20.84 24.57 1 605 20.70 24.40 

20.84 24.57 1,665 20.69 24.39 

20.84 24.57 1,725 20.69 24.39 

20.84 24.56 1 785 20.70 24.41 

20.84 24.57 1,845 20.71 24.43 

20.84 24.55 1 905 20.73 24.46 

20.84 24.57 1,965 20.75 24.49 

20.84 24.57 2,025 20.82 24.51 

20.84 24.57 2085 20.80 24.55 

20.88 24.59 2,145 20.82 24.57 

20.89 24.60 2,205 20.83 24.58 

20.89 24.61 2,265 20.81 24.54 

20.88 24.58 2.325 20.80 24.54 

20.86 24.56 2.385 20.78 24.51 

20.81 24.52 2,445· 20.76 24.50 

20.80 24.50 2,505 20.75 24.49 

20.76 24.47 2.565 20.72 24.46 

20.74 24.44 2,625 20.72 24.45 

20.73 24.42 2,685 20.74 24.48 

20.74 24.44 2,745 20.73 24.47 

20.73 24.44 2,805 20.74 24.47 

20.73 24.44 2,865 20.75 24.47 

20.74 24.44 

916055.09 





DAT A ANAL VSIS 
OF AQUIFER PUMPING TEST 

FOR NMW-4A 
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STF AQUIFER TEST, 4A DATA, 4A DRAWDOWN 
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AQTESOLV RESULTS 
Version 1.10 

7 /27 /92 16:29:0:::> 

======================--=========================--============================== 
TEST DESCRIPTION 

lta set ••••••••••• b:\4a_dd.aqt 
lta set title ••••• STF AQUIFER.TEST, 4A DATA, 4A DRAWDOWN 

1owns and constants: 
No. of data points •••.•••••••••••••• 288 
Pu.mping rate. . . • . . . . . . . . . . . . . . . . . . . . 8. 02 
Radius (distance) to obs. well •••••• 0.5 
Aquifer saturated thickness ••••••••• 62.38 

=====--======================---=---============================== 
ANALYTICAL METHOD 

1eis (Unconfined Aquifer) 

=============--====--========================================================== 
RESULTS FROM STATISTICAL CURVE MATCHING 

~TISTICAL MATCH PARAMETER ESTIMATES 

T = 
s = 

Estimate 
1.6199E+OOO +/-
3.6629E-001 +/-

'ALYSIS OF MODEL RESIDUALS 

Std. Error 
4.9847E-002 
8.4618E-002 

:sidual = calculated - observed 
:ighted residual = residual * weight 

.ighted Residual Statistics: 
Number of residuals ••••••••••••••• 288 
Number of estimated parameters •••• 2 
Degrees of freedom •••••••••••••••• 286 
Residual mean •••••••••.••••••.•••• -0.0004013 
Residual standard deviation ••••••• 0.5164 
Residual variance •••••.••••••••••• 0.2667 

del Residuals: 

Time 

3.23 
3.24 
3.26 

Observed 

0.577 
0.786 
0.83 

Calculated 

1.9447 
1.9459 
1.9484 

Residual 

-1.3677 
-1.1599 
-1.1184 

Weight 

1 
1 
1 

. 
l 



3.28 0.866 1.9509 -1.0849 1 

3.29 0.902 1. 9521 -1.0501 1 

3.31 0.938 1.9546 -1.0166 1 
3.32 0.96 1.9558 -0.99581 1 
3.34 0.981 1.9582 -0.97724 1 
3.36 1.003 1.9607 -0.95766 1 
3.38 1.017 1.9631 -0.94607 1 
3.39 1.039 1.9643 -0.92526 1 
3.41 1.054 1.9666 -0.91265 1 
3.42 1.061 1.9678 -0.90683 1 
3.44 1.075 1.9702 -0.89519 1 
3.46 1.075 1.9725 -0.89754 1 
3.48 1.061 1. 9749 -0.91388 1 
3.49 1.054 1.976 -0.92204 1 
3.51 1.082 1.9784 -0.89636 1 
3.52 1.09 1.9795 -0.88951 1 
3.56 1.14 1.9841 -0.84409 1 

3.58 1.14 1.9864 -0.84636 1 

3.59 1.147 1.9875 -0.84049 1 

3.61 1.162 1.9897 -0.82774 1 

3.62 1.183 1.9909 -0.80787 1-

3.64 1.22 1.9931 -0.7731 1 

3.65 1.241 1.9942 -0.75321 1 

3.67 1.277 1.9964 -0.71943 1 

3.68 1. 292 1.9975 -0.70553 1 
3.69 1.328 1.9986 -0.67063 1 
3.71 1.386 2.0008 -0.61482 1 
3.73 1.422 2.003 -0.581 1 
3.74 1.436 2.0041 -0.56809 1 
3.76 1.465 2.0063 -0.54125 1 
3.77 1.479 2.0073 -0.52833 1 
3.79 1.494 2.0095 -0.51547 1 

3.81 1.508 2.0116 -0.50361 1 

3.83 1.501 2.0137 -0.51273 1 

3.84 1.537 2.0148 -0.47779 1 

3.86 1.559 2.0169 -0.4579 1 
3.87 1.566 2.0179 -0.45195 1 

3.89 1.588 2.02 -0.43204 1 

3.91 1.602 2.0221 -0.42012 1 
3.93 1.609 2.0242 -0.41519 1 

3.94 1.631 2.0252 -0.39422 1 

3.96 1.645 2.0273 -0.38228 1 

3.97 1.653 2.0283 -0.3753 1 

3.99 1.66 2.0303 -0.37034 1 

4.01 1.667 2.0324 -0.36537 1 

4.03 1.682 2.0344 -0.35239 1 

4.04 1.682 2.0354 -0.35339 
4.08 1.71 2.0394 -0.32939 1 

4.09 1.71 2.0404 -0.33038 1 

4.11 1.718 2.0424 -0.32436 1 

4.12 1.725 2.0434 -0.31835 1 

4.14 1.747 2.0453 -0.29832 1 

4.15 1.739 2.0463 -0.3073 1 

4.17 1.739 2.0482 -0.30925 1 

4.18 1.761 2.0492 -0.28822 1 

/ 
4.2 1.768 2.0512 -0.28316 1 

1 4.21 1.775 2.0521 -0.27712 1 

4.22 1.775 2.0531 -0.27809 1 

4.31 1.811 2.0617 -0.25066 1 

4.39 1.862 2.0691 -0.20713 1 



4.48 1.898 2.0774 -0.17937 1 
4.56 1.927 2.0846 -0.15756 1 
4.64 1.978 2.0916 -0.11363 1 
4.73 2.014 2.0994 -0.085439 1 
4.81 2.042 2.1063 -0.064257 1 
4.89 2.093 2.113 -0.019964 1 
4.98 2.1075 2.1204 -0.01288 1 
5.06 2.1291 2.1269 0.0022377 1 
5.14 2.158 2.1332 0.024757 1 
5.23 2.2013 2.1403 0.060994 1 
5.73 2.3312 2.1775 0.15373 1 
6.23 2.4756 2.2116 0.26404 1 
6.73 2.5839 2.243 0.34087 1 
7.23 2.6705 2.2723 0.39824 1 
7.73 2.7572 2.2996 0.45764 1 
8.23 2.8221 2.3252 0.49694 1 
8.73 2.879~ 2.3493 0.53064 1 
9.23 2.9232 2.372 0.55117 1 
9.73 2.9882 2.3936 0.59459 1 

10.23 3.0387 2.4141 0.62458 1 
10.73 3.0603 2.4337 0.62665 l· 
11.23 3.0964 2.4523 0.6441 1 
11.73 3.1397 2.4701 0.66955 1 
12.23 3.1686 2.4873 0.68134 1 
12.73 3.1975 2.5037 0.69382 1 
13.23 3.2264 2.5195 0.70692 1 
13.73 3.248 2.5347 0.7133 1 
14.23 3.2769 2.5494 0.72753 1 
14.73 3.2913 2.5635 0.72775 1 
15.23 3.313 2.5773 0.73575 1 
15.73 3.3491 2.5905 0.75858 1 ( 
16.23 3.3563 2.6034 0.75293 1 
16.73 3.3635 2.6158 0.74767 1 
17.23 3.378 2.6279 0.75006 1 
17.73 3.3852 2.6397 0.74551 1 
18.23 3. 3924- 2.6511 0.74127 1 
18.73 3.4141 2.6623 0.75185 1 
19.23 3.4285 2.6731 0.75541 1 
19.73 3.4357 2.6836 0.75205 1 
20.23 3.4357 2.6939 0.74175 1 
20.73 3.4646 2.704 0.76061 1 
21.23 3.4718 2.7138 0.758 1 
21.73 3.4862 2.7234 0.76281 1 
22.23 3.5079 2.7328 0.77515 1 
22.73 3.5223 2.7419 0.78039 1 
23.23 3.5368 2.7509 ·o.78593 1 
23.73 3.5368 2.7596 0.77715 1 
24.23 3.5368 2.7682 0.76856 1 
25.23 3.5512 2.7849 0.76629 1 
26.23 3.5584 2.8009 0.75747 1 
27.23 3.5584 2.8164 0.74204 1 
28.23 3.5873 2.8312 0.75607 1 
29.23 3.5512 2.8456 0.70561 1 
30.23 3.5729 2.8595 0.71342 1 
31.23 3.5801 2.8729 0.70719 1 
32.23 3.5945 2.8859 0.70858 1 
33.23 3.5945 2.8985 0.69596 1 ( 
34.23 3.5945 2.9108 0.68371 1 
35.23 3.5945 2.9227 0.67181 1 
36.23 3.6017 2.9343 0.66745 1 



37.23 3.609 2.9455 0.66349 1 

38.23 3.6234 2.9565 0.66694 1 

39.23 3.6234 2.9671 0.65626 1 

40.23 3.6378 2.9775 0.66025 1 
41.23 3.6451 2.9877 0.65739 1 

42.23 3.6378 2.9976 0.64018 1 

43.23 3.6378 3.0073 0.6305 1 
44.23 3.6378 .3. 0168 0.62103 1 

45.23 3.6378 3.026 0.61178 1 
46.23 3.6523 3.0351 0.61722 1 
47.23 3.6523 3.0439 0.60836 1 
48.23 3.6378 3.0526 0.58519 1 
49.23 3.6523 3.0611 0.59119 1 
50.23 3.6739 3.0694 0.60446 1 
51.23 3.6667 3.0776 0.58909 1 
52.23 3.6739 3-✓.0856 0.58828 1 
53.23 3.6595 3.0935 0.56602 1 
54.23 3.6812 - 3.1012 0.58001 1 

55.23 3.6812 3.1088 0.57243 1 

56.23 3.6884 3.1162 0.57219 1 

57.23 3.6812 3.1235 0.55768 1-

58.23 3.6812 3.1307 0.5505 1 
59.23 3.6884 3.1378 0.55064 1 

60.23 3.6739 3.1447 0.52919 :1 
61.23 3.6812 3.1515 0.52966 1 

62.23 3.6739 3.1583 0.51564 1 

63.23 3.6739 3.1649 0.50903 1 

64.23 3.6667 3.1714 0.49532 1 

69.23 3.7245 3.2025 0.522 1 

74.23 3.7317 3.2315 0.50023 1 
79.23 3.7461 3.2586 0.48755 1 

84.23 3.7461 3.284 0.46211 1 
89.23 3.7461 3.308 0.43812 1 

94.23 3.7461 3.3307 0.41544 1 
99.23 3.7967 3.3522 0.44452 1 

104.23 3.8544 3.3727 0.48175 1 
109.23 3.8905 3.3922 0.49833 1· 

114.23 3.8616 3.4108 0.45078 1 

119.23 3.8761 3.4287 0.44743 1 

124.23 3.8905 -3.4458 0.4447 1 
129.23 3.8688 3.4623 0.40654 1 
134.23 3.8688 3.4781 0.39071 1 
139.23 3.8833 3.4934 0.38995 1 
144.23 3.8977 3.5081 0.38962 1 
149.23 3.9122 3.5223 .0. 38989 1 

154.23 3.9122 3.5361 o.-37"613 1 

159.23 3.9266 3.5494 0.37721 1 

164.23 3.9194 3.5623 0.35709 1 

169.23 3.9338 3.5748 0.35896 1 

174.23 3.941 3.587 0.35399 1 

179.23 3.9555 3.5988 0.35666 1 

184.23 3.9555 3.6103 0.34516 1 

199.23 3.9627 3.6431 0.31961 1 

214.23 3.9771 3.6735 0.30363 1 

229.23 3.9771 3.7018 0.2753 1 

244.23 3.9699 3.7284 0.24154 l. 
! 259.23 3.9843 3.7533 0.23096 l. 
\_ 

274.23 3.9988 3.7769 0.22188 1 

289.23 4.006 3.7993 0.20674 1 

304.23 4.006 3.8205 0.18553 l. 



319.23 4.006 3.8407 0.16532 1 
334.23 4.0132 3.86 0.15324 1 
349.23 4.006 3.8784 0.1276 1 
364.23 4.0204 3.8961 0.12433 1 
379.23 4.0204 3.913 0.10737 1 
394.23 4.0565 3.9293 0.12716 1 
409.23 4.0565 3.945 0.11146 1 
424.23 4.0493 3.9602 0.089118 1 
439.23 4.0637 3.9748 0.088899 1 
454.23 4.071 3.9889 0.082067 1 
469.23 4.0926 4.0026 0.089991 1 
484.23 4.0854 4.0159 0.069542 1 
499.23 4.0998 4.0287 0.071094 1 
514.23 4.0998 4.0412 0.058624 1 
529.23 4.0926 4.0533 0.03931 1 
544.23 4.0565 4.0651 -0.0085675 1 
559.23 4.0998 4.0765 0.023273 1 
574.23 4.1071 4.0877 0.019414 1 
589.23 4.1071 4.0986 0.0085411 1 
604.23 4.1143 4.1092 0.0051396 1 
619.23 4.1432 4.1195 0.023696 1· 
634.23 4.0926 4.1296 -0.037001 1 
649.23 4.0782 4.1395 -0.061265 1 
664.23 4.1143 4.1491 -0.034804 1 
679.23 4.1143 4.1585 -0.04423 1 
694.23 4.0493 4.1678 -0.11845 1 
709.23 4.1576 4.1768 -0.019177 1 
724.23 4.0998 4.1856 -0.085815 1 
754.23 4.0854 4.2028 -0.11736 1 
784.23 4.0926 4.2192 -0.12664 1 
814.23 4.0854 4.2351 -0.1497 1 
844.23 4.0782 4.2504 -0.1722 1 
874.23 4.0421 4.2652 -0.22307 1 
904.23 4.0493 4.2794 -0.23014 1 
934.23 4.0998 4.2932 -0.19344 1 
964.23 4. 0998· 4.3066 -0.20682 1 
994.23 4.0565 4.3196 -0.26309 1 
1024.2 4.0782 4.3322 -0.25397 1 
1054.2 3.7678 4.3444 -0.5766 1 
1084.2 3.9843 4.3563 -0.37198 1 
1114.2 3.9843 4.3678 -0.38354 1 
1144.2 4.0493 4.3791 -0.3298 1 
1174.2 4.0637 4.3901 -0.32637 1 
1204.2 4.0637 4.4008 -0.33706 1 
1234.2 4.0565 4. 4·112 -0.35469 1 
1264.2 4.0637 4.4214 -0.35767 1 
1294.2 4.0926 4.4313 -0.33872 1 
1324.2 4.0926 4.441 -0.34844 1 
1354.2 4.0926 4.4505 -0.35794 1 
1384.2 4.0926 4.4598 -0.36724 1 
1414.2 4.0998 4.4689 -0.36914 1 
1444.2 4.0854 4.4778 -0.39245 1 
1474.2 4.0998 4.4866 -0.38677 1 
1504.2 4.1143 4.4951 -0.38083 1 
1534.2 4.1287 4.5035 -0.37481 1 
1564.2 4.1359 4.5117 -0.37584 1 
1594.2 4.1359 4.5198 -0.38391 1 
1624.2 4.1792 4.5277 -0.34852 1 
1654.2 4.172 4.5355 -0.3635 1 
1684.2 4.1648 4.5431 -0.37834 1 



1714.2 
1744.2 
1774.2 
1804.2 
1834.2 
1864.2 
1894.2 
1924.2 
1954.2 
1984.2 
2014.2 
2044.2 
2074.2 
2104.2 
2134.2 
2164.2 
2194.2 
2224.2 
2254.2 
2284.2 
2314.2 
2344.2 
2374.2 
2404.2 
2434.2 
2464.2 
2494.2 
2524.2 
2554.2 
2584.2 
2614.2 
2644.2 
2674.2 
2704.2 
2734.2 
2764.2 
2794.2 
2824.2 
2854.2 
2884.2 
2914.2 
2944.2 
2974.2 
3004.2 
3034.2 

4.2226 
4.2081 
4.2226 
4.237 

4.2875 
4.302 

4.3092 
4.3236 
4M3597 
4.3164 
4.3597 
4.3453 
4.3597 
4.3814 
4.4175 
4.4175 
4.3958 
4.4608 
4.4391 
4."4319 
4.4247 
4.3597 
4.3669 
4.5113 
4.3958 
4.4897 
4.4608 
4.4319 
4.4608 
4.4536 
4.4319 
4.4247 
4.4391 
4.4391 
4.4536 
4.4536 
4.4897 
4.4608 
4.4608 
4.4752 
4.4536 
4.468 

4.4608 
4.4897 
4.4608 

4.5506 
4.558 

4.5653 
4.5724 
4.5794 
4.5863 
4.5931 
-4. 5998 
4.6064 
4.6128 
4.6192 
4.6255 
4.6317 
4.6378 
4.6438 
4.6498 
4.6557 
4.6614 
4.6671 
4.6728 
4.6783 
4.6838 
4.6892 
4.6946 
4.6999 
4.7051 
4.7102 
4.7153 
4.7204 
4.7253 
4.7303 
4.7351 
4.7399 
4.7447 
4.7494 
4.7541 
4.7587 
4.7632 
4.7677 
4.7722 
4.7766 
4.781 

4.7853 
4.7896 
4.7938 

-0.32804 
-0.34991 
-0.34266 
-0.33539 

-0.2919 
-0.2843 

-0.28389 
-0.27617 
-0.24665 
-0.29644 
-0.25952 
-0.28021 
-0.27201 
-0.25642 
-0.22635 
-0.23229 
-0.25985 
-0.20063 
-0.22804 
-0.24087 
-0.25363 
-0.32411 
-0.32233 
-0.18328 
-0.30406 
-0.21538 
-0.24944 
-0.28343 
-0.25957 
-0.27175 
-0.29837 
-0.31043 
-0.30084 
-0.3056 
-0.2958 

-0.30046 
-0.26896 
-0.30242 
-0.30693 
-0.29699 

-0.323 
-0.31297 
-0.3245 

-0.29988 
-.o. 33302 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1· 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

================-==~===================================================== 
RESULTS FROM VISUAL CURVE MATCHING 

:SUAL MATCH PARAMETER ESTIMATES 

Estimate 
~ = 1.6199E+000 

e 3.6629E-001 

:<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>> 
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A Q T E S O L V R E S U L T S 
Version 1.10 

/~t/92 16:32:30 

TEST DESCRIPTION 

.ta set ••••••.•••• b:\4a_dd.aqt 

.ta set title ••••• STF AQUIFER TEST, 4A DATA, 4A DRAWDOWN 

1owns and Constants: 
No. of data points ••••..••.••••••••• 288 
Pumping rate . ............. ·. . . . . . . . . . 8. 02 
Radius (distance) to obs. well •••••• o.5 
Aquifer saturated thickness .•.....•• 62.38 

============================================================================== 
ANALYTICAL METHOD 

,aper-Jacob (Unconfined Aquifer) 

=========================================--============================== 
RESULTS FROM STATISTICAL CURVE MATCHING 

~ATISTICAL MATCH PARAMETER ESTIMATES 

T = 
s = 

Estimate 
l.6184E+OOO +/-
3.6908E-001 +/-

rALYSIS OF MODEL RESIDUALS 

Std. Error 
4.9479E-002 
8.4509E-002 

isidual = calculated - observed 
iighted residual= residual* weight 

iighted Residual Statistics: 
Number of residuals •.•.••.•••••.•• 288 
Number of estimated parameters .•.• 2 
Degrees of freedom .•••••••.••••••• 286 
Residual mean ••••••••••••••••••••• 4.489E-005 
Residual standard deviation ••••.•• 0.5161 
Residual variance •••••.••••••••.•• 0.2663 

,del Residuals: 

'rime 

3.23 
3.24 
3.26 

Observed 

0.577 
0.786 

0.83 

Calculated 

1.9415 
1.9428 
1.9453 

Residual 

-1.3645 
-1.1568 
-1.1153 

Weight 

1 
1 
1 



3.28 0.866 1.9478 -1.0818 1 
3.29 0.902 1.949 -1.047 1 
3.31 0.938 1.9515 -1.0135 1 
3.32 0.96 1.9527 -0.99273 1 
3.34 0.981 1.9552 -0.97417 1 
3.36 1.003 1.9576 -0.95461 1 
3.38 1.017 1.96 -0.94302 1 
3.39 1.039 1.9612 -0.92223 1 
3.41 1.054 1.9636 -0.90962 1 
3.42 1.061 1.9648 -0.90381 1 
3.44 1.075 1.9672 -0.89219 1 
3.46 1.075 1.9695 -0.89455 1 
3.48 1.061 1.9719 -0.9109 1 
3.49 1.054 1.9731 -0.91906 1 
3.51 1.082 1.9754 -0.89339 1 
3.52 1.09 1.9766 -0.88655 1 
3.56 1.14 1.9812 -0.84115 1 
3.58 1.14 1.9834 -0.84344 1 
3.59 1.147 1.9846 -0.83757 1 
3.61 1.162 1.9868 -0.82484 1 
3.62 1.183 1.988 -0.80496 l· 
3.64 1.22 -1.9902 -0.77021 1 
3.65 1.241 1.9913 -0.75032 1 
3.67 1.277 1.9936 -0.71655 1 
3.68 1.292 1.9947 -0.70266 1 
3.69 1.328 1.9958 -0.66777 1 
3.71 1.386 1.998 -0.61197 1 
3.73 1.422 2.0002 -0.57816 1 
3.74 1.436 2.0012 -0.56525 1 
3.76 1.465 2.0034 -0.53842 1 
3.77 1.479 2.0045 -0.5255 1 ( 
3.79 1.494 2.0067 -0.51266 1 
3.81 1.508 2.0088 -0.50081 1 
3.83 1.501 2.0109 -0.50994 1 
3.84 1.537 2.012 -0.475 1 
3.86 1. 559- 2.0141 -0.45512 1 
3.87 1.566 2.0152 -0.44917 1 
3.89 1.588 2.0173 -0.42927 1 
3.91 1.602 2.Ql94 -0.41737 1 
3.93 1.609 2.0214 -0.41244 1 
3.94 1.631 2.0225 -0.39148 1 
3.96 1.645 2.0245 -0.37954 1 
3.97 1.653 2.0256 -0.37257 1 
3.99 1.66 2.0276 -0.36762 1 
4.01 1.667 2.0297 -0.36266 1 
4.03 1.682 2.0317 -0.34969 1 
4.04 1.682 2.0327 -0.3507 1 
4.08 1.11 2.0367 -0.32671 1 
4.09 1.71 2.0377 -0.32771 1 
4.11 1.718 2.0397 -0.3217 1 
4.12 1.725 2.0407 -0.31569 1 
4.14 1.747 2.0427 -0.29567 1 
4.15 1.739 2.0437 -0.30465 1 
4.17 1.739 2.0456 -0.30661 1 
4.18 1.761 2.0466 -0.28559 1 
4.2 1.768 2.0485 -0.28053 1 

l 4.21 1.775 2.0495 -0.2745 1 
4.22 1.775 2.0505 -0.27547 1 
4.31 1.811 2.0591 -0.24808 1 
4.39 1.862 2.0666 -0.20458 1 



4.48 1.898 2.0749 -0.17686 1 
4.56 1.927 2.0821 -0.15508 1 
4.64 1.978 2.0892 -0.11118 1 
4.73 2.014 2.097 -0.083017 1 
4.81 2.042 2.1039 -0.061863 1 
4.89 2.093 2.1106 -0.017596 1 
4.98 2.1075 2.118 -0.010541 1 
5.06 2.1291 2 .• 1245 0.0045518 1 
5.14 2.158 2.131 0.027046 1 
5.23 2.2013 2.138 0.063258 1 
5.73 2.3312 2.1753 0.15586 1 
6.23 2.4756 2.2095 0.26606 1 
6.73 2.5839 2.2411 0.34278 1 
7.23 2.6705 2.2704 0.40006 1 
7.73 2.7572 2.2978 0.45938 1 
8.23 2.8221 2.3235 0.49861 1 
8.73 2.8799 2.3477 0.53225 1 
9.23 2.9232 2.3705 0.55272 1 
9.73 2.9882 2.3921 0.59608 1 

10.23 3.0387 2.4127 0.62603 1 
10.73 3.0603 2.4323 0.62805 1-
11.23 3.0964 2.4509 0.64545 1 
11.73 3.1397 2.4688 0.67087 1 
12.23 3.1686 2.486 0.68262 1 
12.73 3.1975 2.5024 0.69506 1 
13.23 3.2264 2.5183 0.70813 1 
13.73 3.248 2.5335 0.71448 1 
14.23 3.2769 2.5482 0.72867 1 
14.73 3.2913 2.5624 0.72887 .1 
15.23 3.313 2.5762 0.73684 1 
15.73 3.3491 2.5895 0.75965 1 
16.23 3.3563 2.6023 0.75397 1 
16.73 3.3635 2.6148 0.74868 1 
17.23 J.378 2.6269 0.75106 1 
17.73 3.3852 2.6387 0.74648 1 
18.23 3.3924. 2.6502 0.74222 1 
18.73 3.4141 2.6613 0.75278 1 
19.23 3.4285 2.6722 0.75632 1 
19.73 3.4357 2.6828 0.75294 1 
20.23 3.4357 2.6931 0.74263 1 
20.73 3.4646 2.7031 0.76147 1 
21.23 3.4718 2.713 0.75884 1 
21.73 3.4862 2.7226 0.76364 1 
22.23 3.5079 2.7319 0.77596 1 
22.73 3.5223 2.7411 0.78118 1 
23.23 3.5368 2.7501 0. 78"67 1 
23.73 3.5368 2.7589 0.77792 1 
24.23 3.5368 2.7675 0.76931 1 
25.23 3.5512 2.7842 0.76702 1 
26.23 3.5584 2.8002 0.75817 1 
27.23 3.5584 2.8157 0.74272 1 
28.23 3.5873 2.8306 0.75672 1 
29.23 3.5512 2.845 0.70623 1 
30.23 3.5729 2.8589 0.71403 1 
31.23 3.5801 2.8723 0.70778 1 
32.23 3.5945 2.8854 0.70914 1 
33.23 3.5945 2.898 0.69651 1 
34.23 3.5945 2.9103 0.68424 1 
35.23 3.5945 2.9222 0.67233 1 
36.23 3.6017 2.9338 0.66795 1 



37.23 3.609 2.945 0.66398 1 
38.23 3.6234 2.956 0.6674 1 
39.23 3.6234 2.9667 0.65671 1 
40.23 3.6378 2.9771 0.66069 1 
41.23 3.6451 2.9873 0.65782 1 
42.23 3.6378 2.9972 0.64059 1 
43.23 3.6378 3.0069 0.63089 1 
44.23 3.6378 3.0164 0.62141 1 
45.23 3.6378 3.0257 0.61215 1 
46.23 3.6523 3.0347 0.61758 1 
47.23. 3.6523 3.0436 0.60871 1 
48.23 3.6378 3.0523 0.58552 1 
49.23 3.6523 3.0608 0.59151 1 
50.23 3.6739 3.0691 0.60477 1 
51.23 3.6667 3.0773 0.58939 1 
52.23 3.6739 3.0853 0.58857 1 
53.23 3.6595 3.0932 0.5663 1 
54.23 3.6812 3.1009 0.58028 1 
55.23 3.6812 3.1085 0.57269 1 
56.23 3.6884 3.116 0.57244 1 
57.23 3.6812 3.1233 0.55793 1-

58.23 3 0 6812 3.1305 0.55073 1 
59.23 3.6884 3.1375 0.55086 1 
60.23 3.6739 3.1445 0.52941 1 
61.23 3.6812 3.1513 0.52987 1 
62.23 3.6739 3.1581 0.51584 1 
63.23 3.6739 3.1647 0.50922 1 
64.23 3.6667 3.1712 0.4955 1 
69.23 3.7245 3.2024 0.52214 1 
74.23 3.7317 3.2314 0.50034 1 
79.23 3.7461 3.2585 0.48762 1 
84.23 3.7461 3.284 0.46215 1 

89.23 3.7461 3.308 0.43813 1 
94.23 3.7461 3.3307 0.41542 1 
99.23 3.7967 3.3522 0.44448 -1 

104.23 3.8544- 3.3727 0.48168 1 
109.23 3.8905 3.3923 0.49824 1 
114.23 3.8616 3.4109 0.45067 1 
119.23 3.8761 3.4288 0.4473 1 
124.23 3.8905 3.446 0.44455 1 
129.23 3.8688 3.4624 0.40637 1 
134.23 3.8688 3.4783 0.39052 1 
139.23 3.8833 3.4936 0.38974 1 
144.23 3.8977 3.5083 0.3894 1 
149.23 3.9122 3.5225 0.38965 1 
154.23 3.9122 3.5363 0.37588 1 
159.23 3.9266 3.5497 0.37694 1 
164.23 3.9194 3.5626 0.3568 1 
169.23 3.9338 3.5751 0.35866 1 
174.23 3.941 3.5873 0.35367 1 
179.23 3.9555 3.5992 0.35633 1 

184.23 3.9555 3.6107 0.34481 1 

199.23 3.9627 3.6435 0.31924 1 

214.23 3.9771 3.6739 0.30322 1 

229.23 3.9771 3.7022 0.27485 1 

244.23 3.9699 3.7288 0.24107 1 
259.23 3.9843 3.7538 0.23046 1 ( 
274.23 3.9988 3.7774 0.22135 1 

289.23 4.006 3.7998 0.20619 1 

304.23 4.006 3.8211 0.18495 1 



319.23 4.006 3.8413 0.16473 1 
334.23 4.0132 3.8606 0.15262 1 
349.23 4.006 3.879 0.12696 1 

i·:A 364.23 4.0204 3.8967 0.12367 1 
/"', 379.23 4.0204 3.9137 0.10669 1 

·,. 

394.23 4.0565 3.93 0.12647 1 
409.23 4.0565 3.9458 0.11075 1 
424.23 4.0493 3.9609 0.088389 1 
439.23 4.0637 3.9755 0.088154 1 
454.23 4.071 3.9897 0.081306 1 
469.23 4.0926 4.0034 0.089215 1 
484.23' 4.0854 4.0166 0.068751 1 
499.23 4.0998 4.0295 0.07029 1 
514.23 4.0998 4.042 0.057806 1 
529.23 4.0926 4.0541 0.038479 1 
544.23 4.0565 4.0659 -0.0094115 1 
559.23 4.0998 4.0774 0.022416 1 
574.23 4.1071 4.0886 0.018545 1 
589.23 4.1071 4.0994 0.0076607 1 
604.23 4.1143 4.1101 0.0042476 1 
619.23 4.1432 4.1204 0.022793 1-
634.23 4.0926 4.1305 -0.037916 ,1 

649.23 4.0782 4.1404 -0.06219 1 
664.23 4.1143 4.15 -0.03574 1· 

679.23 4.1143 4.1595 -0.045176 1 
694.23 4.0493 4.1687 -0.11941 1 
709.23 4.1576 4.1777 -0.020143 1 
724.23 4.0998 4.1866 -0.086791 1 
754.23 4.0854 4.2038 -0.11835 1 
784.23 4.0926 4.2203 -0.12765 1 
814.23 4.0854 4.2361 -0.15073 1 

' 844.23 4.0782 4.2514 -0.17325 1 
874.23 4.0421 4.2662 -0.22413 1 
904.23 4.0493 4.2805 -0.23121 1 
934.23 4.0998 4.2943 -0.19454 1 
964.23 4.099~ 4.3077 -0.20793 1 
994.23 4.0565 4.3207 -0.26421 1 
1024.2 4.0782 4.3333 -0.25511 1 
1054.2 3.7678 4.3455 -0.57774 1 
1084.2 3.9843 4.3574 -0.37314 1 
1114.2 3.9843 4.369 -0.38471 1 
1144.2 4.0493 4.3803 -0.33098 1 
1174.2 4.0637 4.3913 -0.32756 1 
1204.2 4.0637 4.402 -0.33827 1 
1234.2 4.0565 4.4124 "'."'0.35591 1 
1264.2 4.0637 4.4226 -0.3589 1 
1294.2 4.0926 4.4326 -0.33996 1 
1324.2 4.0926 4.4423 -0.34969 1 
1354.2 4.0926 4.4518 -0.3592 1 
1384.2 4.0926 4.4611 -0.36851 1 
1414.2 4.0998 4.4702 -0.37042 1 
1444.2 4.0854 4.4791 -0.39374 1 
1474.2 4.0998 4.4879 -0.38808 1 
1504.2 4.1143 4.4964 -0.38214 1 
1534.2 4.1287 4.5048 -0.37613 1 
1564.2 4.1359 4.5131 -0.37716 1 
1594.2 4.1359 4.5211 -0.38524 1 
1624.2 4.1792 4.5291 -0.34987 1 
1654.2 4.172 4.5369 -0.36485 1 
1684.2 4.1648 4.5445 -0.3797 1 



1714.2 4.2226 4.552 -0.32941 1 
1744.2 4.2081 4.5594 -0.35129 1 
1774.2 4.2226 4.5666 -0.34405 1 
1804.2 4.237 4.5738 -0.33678 1 

f' 1834.2 4.2875 4.5808 -0.2933 1 
1864.2 4.302 4.5877 -0.28571 1 
1894.2 4.3092 4.5945 -0.28531 1 
1924.2 4.3236 4.6012 -0.2776 1 
1954.2 4.3597 4.6078 -0.24809 1 
1984.2 4.3164 4.6143 -0.29787 1 
2014.2 4.3597 4.6207 -0.26097 1 
2044.2 4.3453 4.627 -0.28166 1 
2074.2 4.3597 4.6332 -0.27347 1 
2104.2 4.3814 4.6393 -0.25789 1 
2134.2 4.4175 4.6453 -0.22782 1 
2164.2 4.4175 4.6513 -0.23377 1 
2194.2 4.3958 4.6571 -0.26134 1 
2224.2 4.4608 4.6629 -0.20212 1 
2254.2 4.4391 4.6686 -0.22954 1 
2284.2 4.4319 4.6743 -0.24237 1 
2314.2 4.4247 4.6798 -0.25514 l· 
2344. 2· 4.3597 4.6853 -0.32563 1 
2374.2 4.3669 4.6908 -0.32385 ·1 
2404.2 4.5113 4.6961 -0.18481 1 
2434.2 4.3958 4.7014 -0.3056 1 
2464.2 4.4897 4.7066 -0.21692 1 
2494.2 4.4608 4.7118 -0.25098 1 
2524.2 4.4319 4.7169 -0.28498 1 
2554.2 4.4608 4.7219 -0.26112 1 
2584.2 4.4536 4.7269 -0.27331 1 
2614.2 4.4319 4.7318 -0.29993 1 f 2644.2 4.4247 4.7367 -0.312 1 .... 

" 2674.2 4.4391 4.7415 -0.30242 1 
2704·. 2 4.4391 4.7463 -0.30718 1 
2734.2 4.4536 4.751 -0.29739 1 
2764.2 4. 4536- 4.7556 -0.30205 1 
2794.2 4.4897 4.7603 ~0.21056 1 
2824.2 4.4608 4.7648 -0.30402 1 
2854.2 4.4608 4.7693 -0.30853 1 
2884.2 4.4752 4.7738 -0.2986 1 
2914.2 4.4536 4.7782 -0.32462 1 
2944.2 4.468 4.7826 -0.31459 1 
2974.2 4.4608 4.7869 -0.32612 1 
3004.2 4.4897 4.7912 -0.30151 1 
3034.2 4.4608 4.7955 -0.33465 1 

=============================--===========================================---
RESULTS FROM VISUAL CURVE MATCHING 

:SUAL MATCH PARAMETER ESTIMATES 

Estimate 
l'f'I = 3.9225E+000 

= 5.5173E-007 

( 
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A Q T E S O L V R E S U L T S 
Version 1.10 
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===============---==========================--========================= 
TEST DESCRIPTION 

!ta set •••••••.••• 4A_T&REC.AQT 
!ta set title ••••• STF, AQUIFER TEST, 4A DATA, 4A RECOVERY 

1owns and Constants: 
No. of data points •••••••••••••••••• 248 
Pumping rate .••.........•.....•..••• 8.02 
Total pumping time •••••.•••••••••••• 2944 

====================================================--===--------. ---------
ANALYTICAL METHOD 

1eis Recovery (Confined Aquifer) 

=========--============================================-==---------. 
RESULTS FROM STATISTICAL CURVE MATCHING 

~ATISTICAL MATCH PARAMETER ESTIMATES 

T = 
S' = 

Estimate 
6.7214E-001 +/-
5.0805E+000 +/-

lALYSIS OF MODEL RESIDUAIS 

Std. Error 
4.5116E-002 
4.4812E-001 

!sidual = calculated - observed 
!ighted residual= residual* weight 

!ighted Residual Statistics: 
Number of residuals •••.••••••••••• 248 
Number of estimated parameters •••• 2 
Degrees of freedom •••..••••••••••• 246 
Residual mean ••••••••••••••••••••• l.164E-009 
Residual standard deviation ••••••• 0.7515 
Residual variance ••••••••••••••••• 0.5647 

tdel Residuals: 

Time Observed Calculated Residual 
---------- ------------- ------------- -------------

30 4.4608 2.8216 1.6392 
60 4.4897 2.1729 2.3168 
90 4.4608 1.7973 2.6635 

107.3 4.4608 1.6357 2.8251 

Weight 

-------------
1 ( 
1 
1 
1 

\ 



109.3 4.4608 1.6188 2.842 1 
111.3 4.4536 1.6022 2.8514 1 
113.3 4.4608 1.5859 2.8749 1 

114 3.4646 1.5803 1.8843 1 
114.01 3.5007 1.5802 1.9205 1 
114.03 3.0676 1.58 1.4876 1 
114.05 2.8727 1.5799 1.2928 1 
114.07 2.7355 1.5797 1.1558 1 
114.08 2.6272 1.5796 1.0476 1 
114.1 2.555 1.5795 0.97554 1 

114.12 2.4828 1.5793 0.9035 1 
114.13 2.4467 1.5792 0.86748 1 
114.15 2.389 1.5791 0.80994 1 
114.16 2.3457 1.579 0.76672 1 
114.18 2.3168 1.5788 0.73798 1 
114.2 2.2952 1.5787 0.71654 1 

114.22 2.2735 1.5785 0.695 1 
114.23 2.2518 1.5784 0.67338 1 
114.25 2.2374 1.5783 0.65914 1 
114.26 2.223 1.5782 0.64482 1 
114.28 2.2013 1.578 0.62328 1-
114.3 2.1941 1.5779 0.61624 1 

114.32 2.1797 1.5777 0.602 1-
114.33 2.1652 1.5776 0.58758 1 
114.35 2.1508 1.5775 0.57334 1 
114.36 2.1436 1.5774 0.56622 1 
114.38 2.1291 1.5772 0.55188 1 
114.4 2.1291 1.5771 0.55204 1 

114.42 2.1147 1.5769 0.5378 1 
114.45 2.1075 1.5767 0.53084 1 
114.47 2.1002 1.5765 0.5237 1 
114.48 2.086 1.5764 0.50958 1 
114.5 2.086 1.5763 0.50974 1 

114.51 2.071 1.5762 0.49482 1 
114.53 2.071 1.576 0.49498 1 
114.54 2. 064. 1.5759 0.48806 1 
114.55 2.057 1.5759 0.48114 1 
114.57 2.064 1.5757 0.4883 1 
114.58 2.057 1.5756 0.48138 1 
114.6 2.042 1.5755 0.46654 1 

114.62 2.042 1.5753 0.4667 1 
114.63 2.035 1.5752 0.45978 1 
114.65 2.028 1.5751 0.45294 1 
114.66 2.028 1.575 0.45302 1 
114.68 2.014 1.5748 .0.43918 1 
114.7 2.021 1.5747 0.44634 1 

114.72 2.006 1.5745 0.4315 1 
114.73 1.999 1.5744 0.42458 1 
114.75 2.006 1.5743 0.43174 1 
114.76 1.992 1.5742 0.41781 1 
114.78 1.992 1.574 0.41797 1 
114.8 1.985 1.5739 0.41113 1 

114.82 1.978 1.5737 0.40429 1 
114.83 1.985 1.5736 0.41137 1 
114.85 1.978 1.5735 0.40453 1 
114.86 1.97 1.5734 0.39661 1 
114.88 1.97 1.5732 0.39677 1 
114.9 1.97 1.5731 0.39693 1 

114.92 1.956 1.5729 0.38309 1 
114.93 1.956 1.5728 0.38317 1 



114.95 1.949 1.5727 0.37633 1 
114.99 1.941 1.5724 0.36864 1 

115 1.934 1.5723 0.36172 1 
115.02 1.934 1.5721 0.36188 1 
115.08 1.927 1.5716 0.35536 1 
115.17 1.898 1.5709 0.32707 1 
115.25 1.884 1.5703 0.31371 1 
115.33 1.869 1.5697 0.29934 1 
115.42 1.855 1.5689 0.28606 1 
115.5 1.833 1.5683 0.26469 1 

115.58 1.819 1.5677 0.25132 1 
115.67 1.804 1.567 0.23703 1 
115.75 1.79 1.5663 0.22366 1 
115.83 1.768 1.5657 0.2023 1 
115.92 1.754 1.565 0.18901 1 

116 1.739 1.5644 0.17464 1 
116.5 1.66 1.5604 0.099566 1 

117 1.588 1.5565 0.031478 1 
117.5 1.523 1.5526 -0.029627 1 

118 1.465 1.5487 -0.08375 1 
118.5 1.4 1.5449 -0.14489 1· 

119 1.342 1.541 -0.19905 1 
119.5 1.292 1.5372 -0.24522 1 

120 1.241 1.5334 -0.29241 1 
120.5 1.191 1.5296 -0.33861 1 

121 1.147 1.5258 -0.37884 1 
121.5 1.097 1.5221 -0.42508 1 

122 1.061 1.5183 -0.45733 1 
122.5 1.017 1.5146 -0.4976 1 

123 0.974 1.5109 -0.53689 1 
123.5 0.945 1.5072 -0.56219 1 

124 0.916 1.5035 -0.58751 1 
124.5 0.873 1.4998 -0.62684 1 

125 0.851 1.4962 -0.64519 1 
125.5 0.83 1.4926 -0.66255 1 

126 0.815- 1.4889 -0.67393 1 
126.5 0.794 1.4853 -0.69132 1 

127 0.765 1.4817 -0.71673 1 
127.5 0.75 1.4782 -0.72816 1 

128 0.736 1.4746 -0.73859 1 
128.5 0.721 1.471 -0.75005 1 

129 0.707 1.4675 -0.76051 1 
129.5 0.693 1.464 -0.77099 1 

130 0.685 1.4605 -0.77549 1 
130.5 0.671 1.457. -0.786 1 

131 0.656 1.4535 -·o. 79752 1 
131.5 0.649 1.4501 -0.80105 1 

132 0.649 1.4466 -0.79761 1 
132.5 0.628 1.4432 -0.81517 1 

133 0.628 1.4397 -0.81175 1 
133.5 0.628 1.4363 -0.80834 1 

134 0.613 1.4329 -0.81994 1 
134.5 0.599 1.4296 -0.83056 1 

135 0.592 1.4262 -0.83419 1 
136 0.592 1.4195 -0.82749 1 
137 0.577 1.4128 -0.83584 1 . 
138 0.563 1.4062 -0.84324 1 l 
139 0.555 1.3997 -0.84469 1 

140 0.548 1.3932 -0.84519 1 
141 0.541 1.3867 -0.84574 1 



142 0.534 1.3803 -0.84634 1 
143 0.527 1.374 -0.84698 1 
144 0.519 1.3677 -0.84867 1 
145 0.505 1.3614 -0.8564 1 
146 0.505 1.3552 -0.85018 1 
147 0.505 1.349 -0.84401 1 
148 0.49 1.3429 -0.85288 1 
149 0.483 .1.3368· -0.85379 1 
150 0.476 1.3307 -0.85474 1 
151 0.476 1.3247 -0.84874 1 
152 0.469 1.3188 -0.84978 1 
153 0.469 1.3129 -0.84386 1 
154 0.454 1.307 -0.85298 1 
155 0.454 1.3011 -0.84714 1 
156 0.447 1.2953 -0.84834 1 
157 0.454 1.2896 -0.83557 1 
158 0.447 1.2839 -0.83685 1 
159 0.433 1.2782 -0.84517 1 
160 0.433 1.2725 -0.83952 1 
161 0.425 1.2669 -0.84191 1 
162 0.433 1.2613 -0.82833 1· 
163 0.418 1.2558 -0.83779 I 
164 0.418 1.2503 -0.83229 1 
165 0.418 1.2448 -0.82682 1 
166 0.404 1.2394 -0.83539 1 
167 0.411 1.234 -0.82299 1 
168 0.411 1.2286 -0.81763 1 
169 0.411 1.2233 """0.81229 1 
170 0.397 1.218 -0.821 1 
171 0.404 1.2127 -0.80873 1 

.. 
172 0.397 1.2075 -0.8105 1 
173 0.389 1.2023 -0.8133 1 
174 0.397 1.1971 -0.80013 1 
175 0.397 1.192 -0.79499 1 
180 0.375 1.1668 -0.79176 1 
185 0.382 1.1423 -0.76026 1 
190 0.361 1.1184 -0.75745 1 
195 0.353 1.0953 -0.74229 1 
200 0.346 1.0728 -0.72676 1 
205 0.339 1.0508 -0.71182 1 
210 0.346 1.0294 -0.68344 1 
215 0.317 1.0086 -0.6916 1 
220 0.324 0.98827 -0.66427 1 
225 0.303 0.96842 -0.66542 1 
230 0.31 0.94905 ~o.63905 1 
235 0.303 0.93012 -0.627'1:2 1 
240 0.31 0.91162 -0.60162 1 
245 0.281 0.89352 -0.61252 1 
250 0.267 0.87583 -0.60883 1 
255 0.281 0.8585 -0.5775 1 
260 0.274 0.84155 -0.56755 1 
265 0.267 0.82494 -0.55794 1 
270 0.267 0.80866 -0.54166 1 
275 0.252 0.79271 -0.54071 1 
280 0.252 0.77708 -0.52508 1 
285 0.267 0.76174 -0.49474 1 
290 0.259 0.74669 -0.48769 1 
295 0.259 0.73192 -0.47292 1 
310 0.231 0.68921 -0.45821 1 
325 0.209 0.6487 -0.4397 1 



340 0.216 0.6102 -0.3942 1 
355 0.216 0.57353 -0.35753 1 

370 0.209 0.53853 -0.32953 1 

385 0.194 0.50508 -0.31108 1 
\ 

400 0.173 0.47305 -0.30005 1 
415 0.166 0.44234 -0.27634 1 
430 0.173 0.41285 -0.23985 1 
445 0.151 0.3845 -0.2335 1 
460 0.166 0.35721 -0.19121 1 
475 0.151 0.33091 -0.17991 1 
490 0.144 0.30554 -0.16154 1 
505 0.151 0.28104 -0.13004 1 
520 0.137 0.25737 -0.12037 1 
535 0.137 0.23446 -0.097463 1 
550 0.13 0.21229 -0.082288 1 
565 0.137 0.1908 -0.053802 1 

580 0.137 0.16997 -0.032969 1 
595 0.13 0.14975 -0.019754 1 

610 0.108 0.13013 -0.022125 1 

625 0.122 0.11105 0.010946 1 

640 0.13 0.092514 0.037486 1 

655 0.122 0.074479 0.047521 1 

670 0.122 0.056925 0.065075 1 

685 0.13 0.039831 0.090169 1· 

700 0.115 0.023177 0.091823 1 

715 0.115 0.0069421 0.10806 1 
730 0.115 -0.0088903 0.12389 1 

745 0.093 -0.024337 0.11734 1 

760 0.108 -0.039415 0.14742 1 

775 0.101 -0.054139 0.15514 1 

790 0.093 -0.068522 0.16152 1 

805 0.093 -0.082577 0.17558 1 

820 0.086 -0.096319 0.18232 1 

835 0.086 -0.10976 0.19576 1 

865 0.086 -0.13577 0.22177 1 

895 o. 086- -0.1607 0.2467 1 

925 0.079 -0.18462 0.26362 1 
955 0.079 -0.20759 0.28659 1 

985 0.086 -0.22969 0.31569 1 
1015 0.079 -0.25096 0.32996 1 

1045 0.065 -0.27145 0.33645 1 
1075 0.057 -0.29122 0.34822 1 

1105 0.057 -0.3103 0.3673 1 

1135 0.05 -0.32873 0.37873 1 

1165 0.065 -0.34654 0.41154 1 

1195 0.057 -0.36378 o. 4'2078 1 

1225 0.057 -0.38047 0.43747 1 

1255 0.057 -0.39664 0.45364 1 

1285 0.057 -0.41231 0.46931 1 

1315 0.05 -0.42752 0.47752 1 

1345 0.05 -0.44227 0.49227 1 

1375 0.05 -0.4566 0.5066 1 

1405 0.057 -0.47053 0.52753 1 

1435 0.043 -0.48406 0.52706 1 

1465 0.043 -0.49723 0.54023 1 

1495 0.028 -0.51004 0.53804 1 

1525 0.036 -0.52251 0.55851 1 l 
1555 0.036 -0.53466 0.57066 1 

1585 0.021 -0.5465 0.5675 1 

1615 0.021 -0.55803 0.57903 1 



1645 
1675 
1705 
1735 

0.014 
0.007 
0.007 
0.014 

-0.56928 
-0.58026 
-0.59097 
-0.60143 

0.58328 
0.58726 
0.59797 
0.61543 

1 
1 
1 
1 

==--========================================================================= 
RESULTS FROM VI.SUAL CURVE MATCHING 

:suAL MATCH PARAMETER ESTIMATES 

T = 
S' = 

Estimate 
3.9895E+000 
2.3103E+000 

:<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>> 
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AQTESOLV RESULTS 
Version 1.10 

1,~1/92 15:20:40 

================================--======================== 
TEST DESCRIPTION 

ata set ••••••••••• b:\6a_neum.aqt 
ata set title ••••• STF, AQUIFER TEST, 6A DATA, 4A PUMPED 

nowns and Constants: 
No. of data points ••••••••••••••.••• 289 
Pumping rate. . . . . . . . . . . . . • . . . . . . . . . . 8. 02 
Radius (distance) to obs. well •••••• 21.81 
Aquifer saturated thickness ••••••••• 61.38 

artial Penetration Data: · 
Depth of top of well screen •.••••••• O 
Depth of bottom of well screen •••••• 17.38 
Depth of top of obs. well screen ••••• ,t;r" ';,,°11 
Depth of bottom of obs. well screen •• ~ 111.~6 
Hyd. conductivity ratio (Kz/Kr) ••••• 1 

-ftr,r ~ K-... ~ _,..p.k I;/'"(,,. v., 

~4--~ ... ~ -t.~~ .-<.,. ~ 
p~1-;J p--.,~/.:.- J-h-

_c,,•··, •• , ·=============================================------------------------
-ANALYTICAL METHOD 

euman (Unconfined Aquifer) 

= 
RESULTS FROM STATISTICAL CURVE MATCHING 

rATISTICAL MATCH PARAMETER ESTIMATES 

Estimate Std. Error 
T = 6.1810E+000 +/- 9.1220E-002 
s = 1.6087E-002 +/- 5.8642E-004 
Sy = 2.8173E-002 +/- 1.2332E-003 
fJ = 1.7210E-001 +/- 9.1680E-003 

~ALYSIS OF MODEL RESIDUALS 

asidual = calculated - observed 
aighted residual= residual* weight 

aighted Residual Statistics: 
... Tumber of residuals ••••••••••••••• 289 
, ·w,er of estimated parameters •••• 4 

1rees of freedom •••••••••••••••• 285 
~esidual mean ••••••••••••••••••••• -0.0004763 
Residual standard deviation ••••••• 0.06923 
Residual variance ••••••••••••••••• 0.004793 



[odel Residuals: 

Time Observed Calculated Residual Weight r~ 
------------- ------------- ------------- ------------- -------------

2.01 0.007 0.074314 -0.067314 1 
3.23 0.014 0.11016 -0.096156 1 
3.24 0.029 0.11044 -0.081436 1 
3.26 0.022 0.11099 -0.088995 1 
3 .28. 0.029 0.11155 -0.082552 1 
3.29 0.022 0.11183 -0.089831 1 
3.31 0.029 0.11239 -0.083387 1 
3.32 0.029 0.11267 -0.083665 1 
3.34 0.029 0.11322 -0.08422 1 
3.36 0.036 0.11377 -0.077774 1 
3.38 0.029 0.11433 -0.085326 1 
3.39 0.029 0.1146 -0.085602 1 

3.41 0.036 0.11515 -0.079153 1 

3.42 0.036 0.11543 -0.079428 1 

3.44 0.036 0.11598 -0.079978 1· 

3.46 0.036 0.11653 -0.080526 1 

3.48 0.043 0.11707 -0.074073 1 

3.49 o. 03·6 0.11735 -0.081346 1 

3.51 0.051 0.11789 -0.066892 1 

3.52 0.043 0.11816 -0.075164 1 
3.56 0.051 0.11925 -0.068251 1 

3.58 0.051 0.11979 -0.068793 1 

3.59 0.058 0.12006 -0.062064 1 

3.61 0.043 0.1206 -0.077604 1 

3.62 0.051 0.12087 -0.069873 1 

3.64 0.058 0.12141 -0.063412 1 

3.65 0.058 0.12168 -0.063681 1 

3.67 0.058 0.12222 -0.064218 1 
3.68 0.051 0.12249 -0.071486 1 
3.69 0.058 0.12275 -0.064754 1 

3.71 0.058 0.12329 -0.065288 1 
3.73 0.058 0.12382 -0.065822 1 

3.74 0.065 0.12409 -0.059089 1 
3.76 0.065 0.12462 -0.059621 1 
3.77 0.065 0.12489 -0.059886 1 

3.79 0.058 0.12542 -0.067416 1 

3.81 0.072 0.12595 -0.053946 1 
3.83 0.065 0.12647 -0.061474 1 

3.84 0.065 0.12674 -0.061738 1 

3.86 0.065 0.12726 -o. 06226'4 1 

3.87 0.065 0.12753 -0.062527 1 

3.89 0.079 0.12805 -0.049052 1 

3.91 0.072 0.12858 -0.056576 1 

3.93 0.079 0.1291 -0.050098 1 

3.94 0.072 0.12936 -0.057359 1 

3.96 0.072 0.12988 -0.05788 1 

3.97 0.072 0.13014 -0.058141 1 

3.99 0.072 0.13066 -0.05866 1 

4.01 0.079 0.13118 -0.052178 1 

4.03 0.072 0.1317 -0.059696 1 

4.04 0.079 0.13195 -0.052954 1 t 
4.08 0.079 0.13298 -0.053984 1 

4.09 0.087 0.13305 -0.046045 1 

4.11 0.079 0.13356 -0.054558 1 



4.12 0.079 0.13381 -0.054814 1 
4.14 0.087 0.13433 -0.047325 1 
4.15 0.087 0.13458 -0.04758 1 

:r:~ 4.17 0.087 0.13509 -0.04809 1 
4.18 0.087 0.13534 -0.048344 1 
4.2 0.094 0.13585 -0.041852 1 

4.21 0.087 0.13611 -0.049106 1 
4.22 0.087 0.-13636 -0.049359 1 
4.31 0.094 0.13863 -0.044626 1 
4.39 0.101 0.14062 -0.039623 1 
4.48 0.101 0.14285 -0.041849 1 
4.56 0.101 0.14481 -0.043809 1 
4.64 0.116 0.14675 -0.030752 1 
4.73 0.108 0.14892 -0.040917 1 
4.81 0.116 0.15082 -0.034823 1 
4.89 0.123 0.15271 -0.029712 1 
4.98 0.13 0.15482 -0.024818 1 
5.06 0.13 0.15667 -0.026672 1 
5.14 0.137 0.15851 -0.021509 1 
5.23 0.13 0.16056 -0.030556 1 
5.73 0.166 0.17156 -0.0055559 1· 

6.23 0.173 0.18195 -0.0089488 1 
6.73 0.202 0.19177 0.01023 1 
7.23 0.217 0.1988 0.018202 .-1 
7.73 0.231 0.20792 0.023085 1 
8.23 0.245 0.21618 0.028822 1 
8.73 0.26 0.22407 0.035931 1 
9.23 0.267 0.23156 0.03544 1 
9.73 0.282 0.23868 0.043319 1 

10.23 0.303 0.24546 0.057542 1 
10.73 0.31 0.25192 0.058083 1 
11.23 0.318 0.25808 0.05992 1 
11.73 0.325 0.26397 0.061033 1 
12.23 0.325 0.2696 0.0554 1 
12.73 0.339 0.27499 0.064006 1 
13.23 0.347- 0.28017 0.066833 1 
13.73 0.354 0.28513 0.068868 1 
14.23 0.361 0.2899 0.071095 1 
14.73 0.375 0.2945 0.080503 1 
15.23 0.368 0.29892 0.069081 1 
15.73 0.375 0.30318 0.071817 1 
16.23 0.39 0.3073 0.082702 1 
16.73 0.39 0.31127 0.078728 1 
17.23 0.404 0.31511 0.088885 1 
17.73 0.412 0.31883 0.093167 1 
18.23 0.404 0.32243 0.081566 1 
18.73 0.404 0.32592 0.078076 1 
19.23 0.412 0.32931 0.08269 1 
19.73 0.412 0.3326 0.079404 1 
20.23 0.426 0.33579 0.090211 1 
20.73 0.426 0.33889 0.087108 1 
21.23 0.433 0.34191 0.091089 1 
21.73 0.426 0.34485 0.081151 1 
22.23 0.433 0.34771 0.08529 1 
22.73 0.419 0.3505 0.068501 1 
23.23 0.44 0.35322 0.086783 1 
23.73 0.426 0.35587 0.07013 1 
24.23 0.44 0.35846 0.081541 1 
25.23 0.44 0.36346 0.076542 1 
26.23 0.448 0.36823 0.079765 1 



27.23 0.462 0.37281 0.089193 1 
28.23 0.455 0.37719 0.077808 1 
29.23 0.462 0.3814 0.080598 1 
30.23 0.469 0.38545 0.083548 1 
31.23 0.469 0.38935 0.079648 1 

.. ,'\ 

32.23 0.476 0.39311 0.082887 1 r 
33.23 0.469 0.39674 0.072256 1 
34.23 0.484 0.40025 0.083747 1 
35.23 0.484 0.40365 0.080351 1 
36.23 0.484 0.40694 0.077062 1 
37.23 0.491 0.41013 0.080873 1 
38.23 0.491 0.41322 0.077779 1 
39.23 0.491 0.41623 0.074773 1 
40.23 0.498 0.41915 0.078853 1 
41.23 0.498 0.42199 0.076012 1 
42.23 0.491 0.42475 0.066246 1 
43.23 0.498 0.42745 0.070552 1 
44.23 0.505 0.43007 0.074926 1 
45.23 0.498 0.43263 0.065365 1 
46.23 0.505 0.43513 0.069866 1 
47.23 0.505 0.43757 0.067425 1. 
48.23 0.513 0.43996 0.073041 1 
49.23 0.513 0.44229 0.07071 1 
50.23 o. 50·5 0.44457 0.060431 1 
51.23 0.513 0.4468 0.0662 1 
52.23 0.513 0.44898 0.064017 1 
53.23 0.52 0.45112 0.068879 1 
54.23 0.52 0.45322 0.066784 1 
55.23 0.527 0.45527 0.07173 1 
56.23 0.52 0.45728 0.062717 1 
57.23 0.52 0.45926 0.060742 1 
58.23 0.52 0.4612 0.058804 1 ' 59.23 0.52 0.4631 0.056902 1 
60.23 0.52 0.46497 0.055034 1 
61.23 0.527 0.4668 0.060199 1 
62.23 0.527. 0.4686 0.058396 1 
63.23 0.534 0.47038 0.063624 1 
64.23 0.527 0.47212 0.054882 1 
69.23 0.527 0.48041 0.046587 1 
74.23 0.563 0.48809 0.074909 1 
79.23 0.556 0.49524 0.060762 1 
84.23 0.556 0.50192 0.054078 1 
89.23 0.556 0.5082 0.0478 1 
94.23 0.563 0.51412 0.048882 1 
99.23 0.563 0.51971 ·o. 043286 1 

104.23 0.578 0.52502 0.052977 1 
109.23 0.585 0.53007 0.054927 1 
114.23 0.578 0.53489 0.043114 1 
119.23 0.585 0.53949 0.045514 1 
124.23 0.592 0.54389 0.048111 1 
129.23 0.592 0.54811 0.043888 1 
134.23 0.599 0.55217 0.046831 1 
139.23 0.599 0.55607 0.042928 1 
144.23 0.599 0.55983 0.039167 1 
149.23 0.606 0.56346 0.042537 1 
154.23 0.614 0.56697 0.047032 1 
159.23 0.606 0.57036 0.035641 1 

. 
!'64.23 0.614 0.57364 0.040358 1 ( 
169.23 0.621 0.57682 0.044176 1 
174.23 0.621 0.57991 0.04109 1 



179.23 0.635 0.58291 0.052093 1 
184.23 0.635 0.58568 0.049323 1 
199.23 0.635 0.59346 0.041543 1 
214.23 0.65 0.59993 0.050075 1 
229.23 0.657 0.60706 0.049944 1 
244.23 0.657 0.61373 0.043274 1 
259.23 0.664 0.61999 0.04401 1 
274.23 0.664 ·o. 6259 0.038104 1 
289.23 0.664 0.63148 0.032517 1 
304.23 0.671 0.63678 0.034217 1 
319 .23. 0.671 0.64182 0.029176 1 
334.23 0.686 0.64663 0.039369 1 
349.23 0.679 0.65122 0.027776 1 
364.23 0.679 0.65562 0.023377 1 
379.23 0.686 0.65984 0.026159 1 
394.23 0.7 0.6639 0.036105 1 
409.23 0.7 0.6678 0.032204 1 
424.23 o. 707. 0.67156 0.035444 1 
439.23 0.686 0.67518 0.010817 1 
454.23 0.715 0.67869 0.036312 1 
469.23 0.707 0.68208 0.024922 1 
484.23 0.707 0.68771 0.019288 1 
499.23 0.715 0.69089 0.024107 1 
514.23 0.715 0.69398 0.021021 i 
529.23 0.707 0.69697 0.010025 1 
544.23 0.715 0.69989 0.015114 1 
559.23 0.715 0.70272 0.012283 1 
574.23 0.722 0.70547 0.016529 1 
589.23 0.715 0.70815 0.0068462 1-
604.23 0.715 0.71077 o._0042323 1 
619.23 0.722 0.71332 0.0086838 1 
634.23 0.715 0.7158 -0.00080257 1 
649.23 0.707 0.71823 -0.01123 1 
664.23 0.715 0.7206 -0.0055999 1 
679.23 0.715 0.72292 .-0.0079162 1 
694.23 0.693 0.72518 -0.032181 1 
709.23 0.715 0.7274 -0.012396 1 
724.23 0.693 0.72956 -0.036563 1 
754.23 0.693 0.73376 -0.040764 1 
784.23 0.671 0.7378 -0.066797 1 
814.23 0.671 0.74168 -0.070676 1 
844.23 0.65 0.74541 -0.095412 1 
874.23 0.635 0.74902 -0.11402 1 
904.23 0.643 0.7525 -0.1095 1 
934.23 0.657 0.75586 -0.098862 1 
964.23 0.635 0.75912 -0.12412 1 
994.23 0.628 0.76228 -0.13428 1 

1024.2 0.606 0.76535 -0.15935 1 

1054.2 0.534 0.76833 -0.23433 1 

1084.2 0.599 0.77123 -0.17223 1 

1114.2 0.599 0.77405 -0.17505 1 

1144.2 0.628 0.77679 -0.14879 1 
1174.2 0.635 0.77947 -0.14447 1 
1204.2 0.643 0.78209 -0.13909 1 

1234.2 0.643 0.78464 -0.14164 1 
1264.2 0.643 0.78714 -0.14414 1 
1294.2 0.657 0.78958 -0.13258 1 
1324.2 0.664 0.79197 -0.12797 1 
1354.2 0.664 0.79431 -0.13031 1 
1384.2 0.671 0.7966 -0.1256 1 



1414.2 0.671 0.79884 -0.12784 1 
1444.2 0.664 0.80104 -0.13704 1 
1474.2 0.679 0.8032 -0.1242 1 
1504.2 0.686 0.80532 -0.11932 1 
1534.2 0.693 0.8074 -0.1144 1 
1564.2 0.707 0.80944 -0.10244 1 
1594.2 0.715 0.81145 -0.096451 1 
1624.2 0.722 0~81342 -0.091424 1 
1654.2 0.729 0.81536 -0.086363 1 
1684.2 0.736 0.81727 -0.08127 1 
1714.2· 0.758 0.81915 -0.061146 1 
1744.2 0.765 0.82099 -0.055992 1 
1774.2 0.772 0.82281 -0.050808 1 
1804.2 0.78 0.8246 -0.044595 1 
1834.2 0.794 0.82635 -0.032355 1 
1864.2 0.809 0.82809 -0.019088 1 
1894.2 0.809 0.82979 -0.020794 1 
1924.2 0.823 0.83147 -0.0084749 1 
1954.2 0.823 0.83313 -0.010131 1 
1984.2 0.837 0.83476 0.0022375 1 
2014.2 0.852 0.83637 0.01563 1· 
2044.2 0.852 0.83795 0.014045 1 
2074.2 0.866 0.83952 0.026483 1 
2104.2 0.874 0.84106 0.032943 1 
2134.2 0 .. 895 0.84258 0.052425 1 
2164.2 0.895 0.84407 0.050928 1 
2194.2 0.895 0.84555 0.049452 1 
2224.2 0.902 0.847 0.054996 1 
2254.2 0.902 0.84844 0.05356 1 
2284.2 0.902 0.84986 0.052143 1 
2314.2 0.902 0.85125 0.050745 1 
2344.2 0.902 0.85263 0.049367 1 
2374.2 0.902 0.85399 0.048006 1 
2404.2 0.917 0.85534 0.061664 1 
2434.2 0.91 0.85666 0.053339 1 
2464.2 0.917 0.85797 0.059032 1 
2494.2 0.917 0.85926 0.057741 1 
2524.2 0.917 0.86053 0.056467 1 
2554.2 0.924 0.86179 0.06221 1 
2584.2 0.924 0.86303 0.060969 1 
2614.2 0.91 0.86426 0.045744 1 
2644.2 0.931 0.86547 0.065534 1 
2674.2 0.924 0.86666 0.057339 1 
2704.2 0.91 0.86784 0.04216 1 
2734.2 0.917 0.86901 0.047995 1 
2764.2 0.917 0.87016 0.046844 1 
2794.2 0.917 0.87129 0.045708 1 
2824.2 0.917 0.87241 0.044586 1 
2854.2 0.917 0.87352 0.043478 1 
2884.2 0.91 0.87462 0.035383 1 
2914.2 0.91 0.8757 0.034301 1 
2944.2 0.902 0.87677 0.025233 1 
2974.2 0.895 0.87782 0.017177 1 
3004.2 0.874 0.87887 -0.0048662 1 
3034.2 0.881 0.8799 0.0011031 1 

( 
RESULTS FROM VISUAL CURVE MATCHING 



:SUAL MATCH PARAMETER ESTIMATES 

Estimate 



STF, AQUIFER TEST, 6A DATA, 4A PUMPED 
pwrate 
8.02 
radius 
21.81 
sthiclc 
61.38 
parpn2 

~1.38 '1)~~;11 n ""'" 11 J.,c,,tl s~ 
17.38 ---- Ck,~rll r, /JP/h-,,,,_ B-~ ~ 
5.38 ~-la~ ..£.tf'hs.lJd(~ 

~o.38 ~ft. /-I bl 11-rv- J tr1.s '-di~ 

tsdata 
2.01 0.007 1 
3.23 0.014 1 
3.24 0.029 1 
3.26 0.022 1 
3.28 0.029 1 
3.29 0.022 1 
3.31 
3.32 
3.34 
3.36 
3.38 
3.39 
3.41 
3.42 
3.44 
3.46 
3.48 
3.49 
3.51 
3.52 
3.56 
3.58 
3.59 
3.61 
3.62 
3.64 
3.65 
3.67 
3.68 
3.69 
3.71 
3.73 
3.74 
3.76 
3.n 
3.79 
3.81 
3.83 
3.84 
3.86 
3.87 
3.89 
3.91 
3.93 
3.94 
3.96 
3.97 

0.029 
0.029 
0.029 
0.036 
0.029 
0.029 
0.036 
0.036 
0.036 
0.036 
0.043 
0.036 
0.051 
0.043 
0.051 
0.051 
0.058 
0.043 
0.051 
0.058 
0.058 
0.058 
0.051 
0.058 
0.058 
0.058 
0.065 
0.065 
0.065 
0.058 
0.072 
0.065 
0.065 
0.065 
0.065 
0.079 
0.072 
0.079 
0.072 
0.072 
0.072 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 



4.08 0.079 1 
4.09 0.087 1 
4.11 0.079 1 
4.12 0.079 1 

,·""'~~ 4.14 0.087 1 
.l'. 4.15 0.087 1 

4.17 0.087 1 
4.18 0.087 1 
4.2 0.094 1 
4.21 0.087 1 
4.22 0.087 1 
4.31 0.!)94 1 
4.39 0.101 1 
4.48 0.101 1 
4.56 0.101 1 
4.64 0.116 1 
4.73 0.108 1 
4.81 0.116 1 
4.89 0.123 1 
4.98 0.13 1 
5.06 0.13 1 
5.14 0.137 1 
5.23 0.13 1 
5.73 0.166 1 
6.23 0.173 1 
6.73 0.202 1 
7.23 0.217 1 
7.73 0.231 1 
8.23 0.245 1 
8.73 0.26 1 
9.23 0.267 1 

( 
I 9.73 0.282 1 

.... -. 

10.23 0.303 1 
10.73 0.31 1 
11.23 0.318 1 
11 .73 0.325 1 
12.23 0.325 1 
12.73 0.339 1 
13.23 0.347 1 
13.73 0.354 1 
14.23 0.361 1 
14.73 0.375 1 
15.23 0.368 1 
15.73 0.375 1 
16.23 0.39 1 
16.73 0.39 1 
17.23 0.404 1 
17.73 0.412 1 
18.23 0.404 1 
18.73 0.404 1 
19.23 0.412 1 
19.73 0.412 1 
20.23 0.426 1 
20.73 0.426 1 
21.23 0.433 1 
21.73 0.426 1 
22.23 0.433 1 
22.73 0.419 1 
23.23 0.44 1 
23.73 0.426 1 
24.23 0.44 1 
25.23 0.44 1 



30.23 0.469 1 
31.23 0.469 1 
32.23 0.476 1 
33.23 0.469 1 
34.23 0.484 1 
35.23 0.484 1 
36.23 0.484 1 
37.23 0.491 1 
38.23 0.491 1 
39.23 0.491 1 
40.23 0.498 1 
41.23 0.498 1 
42.23 0.491 1 
43.23 0.498 1 
44.23 0.505 1 
45.23 0.498 1 
46.23 0.505 1 
47.23 0.505 1 
48.23 0.513 1 
49.23 0.513 1 
50.23 0.505 1 
51.23 0.513 1 
52.23 0.513 1 
53.23 0.52 1 
54.23 0.52 1 
55.23 0.527 1 
56.23 0.52 1 
57.23 0.52 1 
58.23 0.52 1 
59.23 0.52 1 
60.23 0.52 1 
61.23 0.527 1 
62.23 0.527 1 
63.23 0.534 1 
64.23 0.527 1 
69.23 0.527 1 
74.23 0.563 1 
79.23 0.556 1 
84.23 0.556 1 
89.23 0.556 1 
94.23 0.563 1 
99.23 0.563 1 
104.23 0.578 1 
109.23 0.585 1 
114.23 0.578 1 
119.23 0.585 1 
124.23 0.592 1 
129.23 0.592 1 
134.23 0.599 1 
139.23 0.599 1 
144.23 0.599 1 
149.23 0.606 1 
154.23 0.614 1 
159.23 0.606 1 
164.23 0.614 1 
169.23 0.621 1 

. 174.23 0.621 1 . 
179.23 0.635 1 l 
184.23 0.635 1 
199.23 0.635 1 
214.23 0.65 1 
229.23 0.657 1 



304.23 0.671 1 
319.23 0.671 1 
334.23 0.686 1 
349.23 0.679 1 
364.23 0.679 1 
379.23 0.686 
394.23 0.7 1 
409.23 0.7 1 
424.23 0.707 1 
439.23 0.686 1 
454.23 0.715 1 
469.23 .0.707 1 
484.23 0.707 1 
499.23 0.715 1 
514.23 0.715 1 
529.23 0.707 1 
544.23 0.715 1 
559.23 0.715 1 
574.23 0.722 1 
589.23 0.715 1 
604.23 0.715 1 
619.23 o.n2 1 
634.23 0.715 1 
649.23 0.707 1 
664.23 0.715 1 
679.23 0.715 1 
694.23 0.693 1 
709.23 0.715 1 
n4.23 0.693 1 
754.23 0.693 1 
784.23 0.671 1 
814.23 0.671 1 
844.23 0.65 1 
874.23 0.635 1 
904.23 0.643 1 
934.23 0.657 1 
964.23 0.635 1 
994.23 0.628 1 
1024.23 0.606 1 
1054.23 0.534 1 
1084.23 0.599 1 
1114.23 0.599 1 
1144.23 0.628 1 
1174.23 0.635 1 
1204.23 0.643 1 
1234.23 0.643 1 
1264.23 0.643 1 
1294.23 0.657 1 
1324.23 0.664 1 
1354.23 0.664 1 
1384.23 0.671 1 
1414.23 0.671 1 
1444.23 0.664 1 
1474.23 0.679 1 

1504.23 0.686 1 
1534.23 0.693 1 

1564.23 0.707 1 
1594.23 0.715 1 
1624.23 o.n2 1 
1654.23 0.729 1 
1684.23 0.736 1 
1714.23 0.758 1 



1864.23 0.809 1 
1894.23 0.809 1 
1924.23 0.823 1 
1954.23 0.823 1 
1984.23 0.837 1 
2014.23 0.852 1 
2044.23 0.852 1 
2074.23 0.866 1 
2104.23 0.874 1 
2134.23 0.895 1 
2164.23 0.895 1 
2194.23 0.895 1 . 
2224.23 . 0.902 1 
2254.23 0.902 1 
2284.23 0.902 1 
2314.23 0.902 1 
2344.23 0.902 1 
2374.23 0.902 1 
2404.23 0.917 1 
2434.23 0.91 1 
2464.23 0.917 1 
2494.23 0.917 1 
2524.23 0.917 1 
2554.23 0.924 1 ' 
2584.23 0.924 1 
2614.23 0.91 
2644.23 0.931 1 
2674.23 0.924 1 
2704.23 0.91 1 
2734.23 0.917 1 
2764.23 0.917 1 
2794.23 0.917 1 v,· 

2824.23 0.917 1 
--.4 ( 

2854.23 0.917 1 
2884.23 0.91 1 
2914.23 0.91 1 
2944.23 0.902 1 
2974.23 0.895 
3004.23 0.874 1 
3034.23 0.881 1 
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==================----------------=========================================~-
TEST DESCRIPTION 

>ata set ••.•••••••• b:\6a_t&dd.aqt 
>ata set title ••••• STF, AQUIFER TEST, 6A DATA, 4A PUMPED 

:nowns and Constants: 
No. of data points •••••••••••••••••• 289 . -Pumping rate. . . . . . . . . . . . . . . . . . . . . . . . 8. 02 
Radius (distance) to obs. well •••••• 21.81 
Aquifer saturated thickness ••.•••••• 60.38 

=======================================--===================================== 
ANALYTICAL METHOD 

1heis (Unconfined Aquifer) 

====================================================================--================ 
RESULTS FROM STATISTICAL CURVE MATCHING 

~-~rsTICAL MATCH PARAMETER ESTIMATES 

T = 
s = 

Estimate 
5.5797E+OOO +/-
3.3502E-002 +/-

NALYSIS OF MODEL RESIDUALS 

Std. Error 
l.1007E-001 
2.7593E-003 

esidual = calculated - observed 
eighted residual= residual* weight 

eighted Residual Statistics: 
Number of residuals ••.•••••••••••• 289 
Number of estimated parameters •••• 2 
Degrees of freedom •••••••••••••••• 287 
Residual mean ••••••••••••••••••••• -0.002985 
Residual standard deviation ••••••• 0.08007 
Residual variance ••••••••••••••••• 0.006411 

odel Residuals: 

Time Observed Calculated Residual 
------------- ------------- ------------- -------------

2.01 0.007 0.089716 -0.082716 
3.23 0.014 0.13071 -0.11671 
3.24 0.029 0.13099 -0.10199 
3.26 0.022 0.13156 -0.10956 
3.28 0.029 0.13212 -0.10312 
3.29 0.022 0.13241 -0.11041 

Weight 

-------------
1 
1 
1 ( 
1 
1 
1 



,},:,~ 0.029 0.1338 -0.1048 1 
0.036 0.13435 -0.098352 1 

3.38 0.029 0.1349 -0.1059 1 
3.39 0.029 0.13518 -0.10618 1 

I~ 3.41 0.036 0.13572 -0.099724 1 ' ,,,,-,. 3.42 0.036 0.136 -0.099996 1 
3.44 0.036 0.13654 -0.10054 1 
3.46 0.036 0.13708 -0.10108 1 
3.48 0.043 0.13762 -0.094617 1 
3.49 0.036 0.13788 -0.10188 1 
3.51 0.051 0.13842 -0.087419 1 
3.52 0.043 0.13869 -0.095685 1 
3.56 0.051 0.13974 -0.088744 1 
3.58 0.051 0.14027 -0.08927 1 
3.59 0.058 0.14053 -0.082532 1 
3.61 0.043 0.14105 -0.098054 1 
3.62 0.051 0.14131 -0.090315 1 
3.64 0.058 0.14183 -0.083834 1 
3.65 0.058 0.14209 -0.084092 1 
3.67 0.058 0.14261 -0.084608 1 
3.68 0.051 0.14286 -0.091865 1 
3.69 0.058 0.14312 -0.085121 1· 
3.71 0.058 0.14363 -0.085632 1 
3.73 0.058 0.14414 -0.086141 1 
3.74 0.065 0.14439 -0.079394 1 
3.76 0.065 0.1449 -0.0799 1 
3.77 0.065 0.14515 -0.080152 1 
3.79 0.058 0.14565 -0.087654 1 
3.81 0.072 0.14615 -0.074154 1 
3.83 0.065 0.14665 -0.081652 1 
3.84 0.065 0.1469 -0.0819 1 
3.86 0.065 0.14739 -0.082395 1 
3.87 0.065 0.14764 -0.082642 1 
3.89 0.079 0.14813 -0.069133 1 
3.91 0.072 0.14862 -0.076623 1 
3.93 0.079 0.14911 -0.07011 1 
3.94 0.072 0.14935 -0.077354 1 
3.96 0.072 0.14984 -0.077838 1 
3.97 0.072 0.15008 -0.07808 1 
3.99 0.072 0.15056 -0.078561 1 
4.01 0.079 0.15104 -0.072041 1 
4.03 0.072 0.15152 -0.079518 1 
4.04 0.079 0.15176 -0.072757 1 
4.08 0.079 0.1527 -0.073704 1 
4.09 0.087 0.15294 -0.06594 1 
4.11 0.079 0.15341 ..-0.07441 1 
4.12 0.079 0.15364 -0.074644 1 
4.14 0.087 0.15411 -0.067111 1 
4.15 0.087 0.15434 -0.067344 1 
4.17 0.087 0.15481 -0.067808 1 
4.18 0.087 0.15504 -0.06804 1 
4.2 0.094 0.1555 -0.061502 1 

4.21 0.087 0.15573 -0.068732 1 
4.22 0.087 0.15596 -0.068961 1 
4.31 0.094 0.15801 -0.064008 1 
4.39 0.101 0.1598 -0.058798 1 
4.48 0.101 0.16178 -0.06078 1 
4.56 0.101 0.16351 -0.062513 1 
4.64 0.116 0.16522 -0.049221 1 
4.73 0.108 0.16711 -0.059113 1 
4.81 0.116 0.16877 -0.052769 1 



5.06 0.13 0.1738 -0.043798 1 
5.14 0.137 0.17536 -0.038362 1 
5.23 0.13 0.1771 -0.047097 1 
5.73 0.166 0.18629 -0.020291 1 
6.23 0.173 0.19481 -0.021809 1 
6.73 0.202 0.20274 -0.0007431 1 
7.23 0.217 0.21017 0.0068322 1 
7.73 0.231 0. 21714 0.013856 1 
8.23 0.245 0.22372 0.021277 1 
8.73 0.26 0.22995 0.030052 1 
9.23 0.267 0.23585 0.031146 1 
9.73 0.282 0.24147 0.040528 1 

10.23 0.303 0.24683 0.05617 1 
10.73 0.31 0.25195 0.058051 1 
11.23 0.318 0.25685 0.061149 1 
11.73 0.325 0.26155 0.063446 1 
12.23 0.325 0.26607 0.058928 1 
12.73 0.339 0.27042 0.068581 1 
13.23 0.347 0.27461 0.072391 1 
13.73 0.354 0.27865 0.075348 1 
14.23 0.361 0.28256 0.078443 1 
14.73 0.375 0.28633 0.088665 1-
15.23 0.368 0.28999 0.078007 .1 
15.73 0.375 0.29354 0.081462 1 
16.23 0.39 0.29698 0.093022 1 
16.73 0.39 0.30032 0.089682 1 
17.23 0.404 0.30356 0.10044 1 
17.73 0.412 0.30672 0.10528 1 
18.23 0.404 0.30979 0.094207 1 
18.73 0.404 0.31279 0.091214 1 
19.23 0.412 0.3157 0.096296 1 
19.73 0.412 0.31855 0.093451 1 
20.23 0.426 0.32133 0.10467 1 
20.73 0.426 0.32404 0.10196 1· 
21.23 0.433 0.32669 0.10631 1 
21.73 0.426 0.32928 0.096724 1 
22.23 0.433 0.33181 0.10119 1 
22.73 0.419 0.33429 0.084713 1 
23.23 0.44 0.33671 0.10329 1 
23.73 0.426 0.33909 0.086911 1 
24.23 0.44 0.34142 0.098583 1 
25.23 0.44 0.34594 0.094063 1 
26.23 0.448 0.35029 0.097713 1 
27.23 0.462 0.35448 0.10752 1 
28.23 0.455 0.35852 0.096478 1 
29.23 0.462 0.36243 0.099571 1 
30.23 0.469 0.36621 ·0.10219 1 
31.23 0.469 0.36987 0.099132 1 
32.23 0.476 0.37341 0.10259 1 
33.23 0.469 0.37686 0.092144 1 
34.23 0.484 0.3802 0.1038 1 
35.23 0.484 0.38344 0.10056 1 
36.23 0.484 0.3866 0.097398 1 
37.23 0.491 0.38968 0.10132 1 
38.23 0.491 0.39267 0.098329 1 
39.23 0.491 0.39559 0.095411 1 
40.23 0.498 0.39844 0.099564 1 
41.23 0.498 0.40121 0.096786 1 l 42.23 0.491 0.40393 0.087074 1 
43.23 0.498 0.40658 0.091423 1 
44.23 0.505 0.40917 0.095832 1 



47.23 0.505 0.41661 0.088391 1 
48.23 t$1.~~ ex '4fi~'9' llP.~014 1 
49.23 o. 513 0.42132 0.091685 1 
50.23 0.505 0.4236 0.081401 1 
51.23 0.513 0.42584 0.087162 1 
52.23 0.513 0.42803 0.084966 1 
53.23 0.52 0.43019 0.089811 1 
54.23 0.52 0.43231 0.087695 1 
55.23 0.527 0.43438 0.092617 1 
56.23 0.52 0.43642 0.083576 1 
57.23 0.52 0.43843 0.08157 1 
58.23 0.52 0.4404 0.079599 1 
59.23 0.52 0.44234 0.077661 1 
60.23 0.52 0.44425 0.075754 1 
61.23 0.527 0.44612 0.080879 1 
62.23 0.527 0.44797 0.079034 1 
63.23 0.534 0.44978 0.084217 1 
64.23 0.527 ·0.45157 0.075429 1 
69.23 0.527 0.46012 0.066882 1 
74.23 0.563 0.46808 0.094923 1 
79.23 0.556 0.47552 0.080478 1 
84.23 0.556 0.48252 0.073484 1· 
89.23 0.556 0.48911 0.066889 1 
94.23 0.563 0.49535 0.06765 .1 
99.23 0.563 0.50127 0.061731 1 

104.23 0.578 0.5069 0.0711 1 
109.23 0.585 0.51227 0.072731 1 
114.23 0.578 0.5174 0.060601 1 
119.23 0.585 0.52231 0.062688 1 
124.23 0.592 0.52702 0.064976 1 
129.23 0.592 0.53155 0.060448 1 
134.23 0.599 0.53591 0.063091 1 
139.23 0.599 0.54011 0.058892 1 
144.23 0.599 0.54416 0.054841 1 
149.23 0.606 0.54807 0.057926 1 
154.23 0.614 Q.55186 0.06214 1 
159.23 0.60~ 0.55553 0.050473 1 
164.23 0.614 0.55908 0.05492 1 
169.23 0.621 0.56253 0.058472 1 
174.23 0.621 0 .5,6588 0.055124 1 
179.23 0.635 0.56913 0.06587 1 
184.23 0.635 0.57229 0.062705 1 
199.23 0.635 0.5813 0.0537 1 
214.23 0.65 0.58966 0.060344 1 
229.23 0.657 0.59745 0.059552 1 
244.23 0.657 0.60475 0.052251 1 
259.23 0.664 0.61162 0.052383 1 
274.23 0.664 0.6181 0.0459 1 
289.23 0.664 0.62424 0.039761 1 
304.23 0.671 0.63007 0.040931 1 
319.23 0.671 0.63562 0.035381 1 
334.23 0.686 0.64092 0.045084 1 
349.23 0.679 0.64598 0.033019 1 
364.23 0.679 0.65083 0.028166 1 
379.23 0.686 0.65549 0.030509 1 
394.23 0.7 0.65997 0.040031 1 
409.23 0.7 0.66428 0.03572 1 
424.23 0.707 0.66844 0.038564 1 
439.23 0.686 0.67245 0.013551 1 
454.23 0.715 0.67633 0.038673 l. 
469.23 0.707 0.68008 0.026921 l. 



514.23 0.715 0.69066 0.024341 1 
9J!tU:t ~.,. 0.69398 o. oi:lo~ 1 
544.23 0.715 0.69721 0.017789 1 
559.23 0.715 0.70035 0.014646 1 
574.23 0.722 0.70341 0.018587 1 

f' 589.23 0.715 0.70639 0.0086065 1 
604.23 0.715 0.7093 0.0057005 1 
619.23 0.722 0.71213 0.0098656 1 
634.23 0.715 0.7149 9.8265E-005 1 
649.23 0.707 0.7176 -0.010605 1 
664.23 0.715 0.72025 -0.0052458 1 
679.23 0.715 0.72283 -0.0078282 1 
694.23 0.693 0.72535 -0.032354 1 
709.23 0.715 0.72783 -0.012827 1 
724.23 0.693 0.73025 -0.037247 1 
754.23 0.693 0.73494 -0.041943 1 
784.23 0.671 0.73945 -0.068455 1 
814.23 0.671 0.7438 -0.072798 1 
844.23 0.65 0.74799 -0.097985 1 
874.23 0.635 0.75203 -0.11703 1 
904.23 0.643 0.75593 -0.11293 1 
934.23 0.657 0.75971 -0.10271 1 
964.23 0.635 0.76337 -0.12837 1 
994.23 0.628 0.76691 -0.13891 1· 
1024.2 0.606 0.77036 -0.16436 1 
1054.2 0.534 0.7737 -0.2397 1 
1084.2 0.599 0.77695 -0.17795 1 
1114.2 0.599 0.78011 -0.18111 1 
1144.2 0.628 0.78319 -0.15519 1 
1174.2 0.635 0.78618 -0.15118 1 
1204.2 0.643 0.7891 -0.1461 1 
1234.2 0.643 0.79195 -0.14895 1 ( 
1264.2 0.643 0.79474 -0.15174 1 
1294.2 0.657 0.79745. -0.14045 1 
1324.2 0.664 0.80011 -0.13611 1 
1354.2 0.664 0.8027 -0.1387 1 
1384.2 0.671 0.80524 -0.13424 1 
1414.2 0.671 0.80773 -0.13673 1 
1444.2 0.664 0.81016 -0.14616 1 
1474.2 0.679 0.81254 -0.13354 1 
1504.2 0.686 0.81488 -0.12888 1 
1534.2 0.693 0.81716 -0.12416 1 
1564.2 0.707 0.81941 -0.11241 1 
1594.2 0.715 0.82161 --0.10661 1 
1624.2 0.722 0.82377 -0.10177 1 
1654.2 0.729 0.82589 -0.096894 1 
1684.2 0.736 0.82798 -0.091977 1 
1714.2 0.758 0.83002 -0.072024 1 
1744.2 0.765 0.83203 -0.067035 1 
1774.2 0.772 0.83401 -0.062012 1 
1804.2 o.78 0.83596 -0.055956 1 
1834.2 0.794 0.83787 -0.043868 1 
1864.2 0.809 0.83975 -0.030749 1 
1894.2 0.809 0.8416 -0.0326 1 
1924.2 0.823 0.84342 -0.020422 1 
1954.2 0.823 0.84522 -0.022216 1 
1984.2 0.837 0.84698 -0.0099829 1 ( 2014.2 0.852 0.84872 0.0032768 1 
2044.2 0.852 0.85044 0.0015623 1 
2074.2 0.866 0.85213 0.013873 1 
2104.2 0.874 0.85379 0.020207 1 



2194.2 0.895 0.85865 0.036349 1 
2224.2 0.902 •• 86023 0.041774 1 
2254.2 0.902 0.86178 0.04022 1 
2284.2 0.902 0.86331 0.038687 1 
2314.2 0.902 0.86483 0.037173 1 
2344.2 0.902 0.86632 0.035679 1 
2374.2 0.902 0.8678 0.034203 1 
2404.2 0.917 0.86925 0.047747 1 
2434.2 0.91 0.87069 0.039308 1 
2464.2 0.917 0.87211 0.044887 1 
2494.2 0.917 0.87352 0.043483 1 
2524.2 0.917 0.8749 0.042096 1 
2554.2 0.924 0.87628 0.047725 1 
2584.2 0.924 0.87763 0.04637 1 
2614.2 0.91 0.87897 0.03103 1 
2644.2 0.931 0.88029 0.050706 1 
2674.2 0.924 0.8816 0.042397 1 
2704.2 0.91 0.8829 0.027103 1 
2734.2 0.917 0.88418 0.032822 1 
2764.2 0.917 0.88544 0.031556 1 
2794.2 0.917 0.8867 0.030303 1. 
2824.2 0.917 0.88794 0.029064 1 
2854.2 0.917 0.88916 0.027837 1 
2884.2 0.9.1 0.89038 0.019624 1 
2914.2 0.91 0.89158 0.018423 1 
2944.2 0.902 0~89277 0.0092341 1 
2974.2 0.895 0.89394 0.0010574 1 
3004.2 0.874 0.89511 -0.021108 1 
3034.2 0.881 0.89626 -0.015261 1 

=================================-====================================== 
RESULTS FROM VISUAL CURVE MATCHING 

:SUAL MATCH PARAMETER ESTIMATES 

Estimate 
T = 5.5797E+000 
S = 3.3502E-002 

:<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>> 
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Version 1.10 

09:25:17 

==--========================================================================= 
TEST DESCRIPTION 

tta set •••••••.•.• b:\6a t&dd.aqt 
lta set title ••••• STF, AQUIFER TEST, 6A DATA, 4A PUMPED 

1owns and Constants: 
No. of data points ••••••••..•••••••• 289 
Pumping rate . ............... ~ . . . . . . . 8. 02 
Radius (distance) to obs. well •••••• 21.81 
Aquifer saturated thickness .•••••••• 60.38 

============================================================================~ 
ANALYTICAL METHOD 

>oper-Jacob (Unconfined Aquifer) 

====================================================--==================== 
RESULTS FROM STATISTICAL CURVE MATCHING 

r~.:-i:STICAL MATCH PARAMETER ESTIMATES 

T = 
s = 

Estimate 
5.6002E+000 +/-
3.2154E-002 +/-

[ALYSIS OF MODEL RESIDUALS 

Std. Error 
9.1163E-002 
2.0845E-003 

asidual = calculated - observed 
aighted residual= residual* weight 

aighted Residual Statistics: 
Number of residuals ••••••••••••••• 289 
Number of estimated parameters •••• 2 
Degrees of freedom ••.••••••••••••• 287 
Residual mean ••••.•••.•••••••••••• 3.78E-007 
Residual standard deviation ••••••• 0.0761 
Residual variance ••••••••••••••••• 0.005792 

::>del Residuals: 

Time Observed Calculated Residual 

------------- ------------- ------------- -------------
2.01 0.007 0.057306 -0.050306 
3.23 0.014 0.11145 -0.097449 
3.24 0.029 0.1118 -0.082802 
3.26 0.022 0.1125 -0.090505 
3.28 0.029 0.1132 -0.084203 
3.2.9 0.022 0.11355 -0.091551 

Weight 

-------------
1 
1 
1 
1 
1 
1 



3.34 0.029 0.11527 -0.086273 1 
3.36 0.036 0.11596 -0.~ m 
3.38 0.029 0.11663 -0.087633 1 
3.39 0.029 0.11697 -0.08797 1 
3.41 0.036 0.11764 -0.081642 1 .""' ' . 

3.42 0.036 0.11798 -0.081977 1 ( 3.44 0.036 0.11864 -0.082643 1 
3.46 0.036 0.1193 -0.083305 1 
3.48 0.043 0~11996 -0.076963 1 
3.49 0.036 0.12029 -0.084291 1 
3.51 0.051 0.12094 -0.069943 1 
3. 52. 0.043 0.12127 -0.078268 1 
3.56 0.051 0.12256 -0.071559 1 
3.58 0.051 0.1232 -0.072199 1 
3.59 0.058 0.12352 -0.065517 1 
3.61 0.043 0.12415 -0.081152 1 
3.62 0.051 0.12447 -0.073468 1 
3.64 0.058 0.1251 -0.067097 1 
3.65 0.058 0.12541 -0.06741 1 
3.67 0.058 0.12603 -0.068034 1 
3.68 0.051 0.12635 -0.075345 1 
3.69 0.058 0.12666 -0.068655 1· 
3.71 0.058 0.12727 -0.069273 1 
3.73 0.058 0.12789 -0.069887 1 
3.74 0.065 0.12819 -0.063193 1 
3.76 0.065 0.1288 -0.063802 1 
3.77 0.065 0.12911 -0.064105 1 
3.79 0.058 0.12971 -0.07171 1 
3.81 0.072 0.13031 -0.058311 1 
3.83 0.065 0.13091 -0.065909 1 
3.84 0.065 0.13121 -0.066207 1 -=··-
3.86 0.065 0.1318 -0.0668 1 

l 3.87 0.065 0.1321 -0.067096 1 
3.89 0.079 0.13268 -0.053685 1 
3.91 0.072 0.13327 -0.06127 1 
3.93 0.079 0.13385 -0.054853 1 
3.94 0.072 0.13414 -0.062143 1 
3.96 0.072 0.13472 -0.062722 1 
3.97 0.072 0.13501 -0.06301 1 
3.99 0.072 0.13558 -0.063584 1 
4.01 0.079 0.13616 -0.057155 1 
4.03 0.072 0.13672 -0.064724 1 
4.04 0.079 0.13701 -0.058007 1 
4.08 0.079 0.13813 -0.059132 1 
4.09 0.087 0.13841 -0.051412 1 
4.11 0.079 0.13897 -0.059969 1 
4.12 0.079 0.13925 -0.060247' 1 
4.14 0.087 0.1398 -0.0528 1 
4.15 0.087 0.14008 -0.053076 1 
4.17 0.087 0.14063 -0.053625 1 
4.18 0.087 0.1409 -0.053899 1 
4.2 0.094 0.14144 -0.047444 1 

4.21 0.087 0.14172 -0.054716 1 
4.22 0.087 0.14199 -0.054987 1 
4.31 0.094 0.1444 -0.050398 1 
4.39 0.101 0.1465 -0.045499 1 
4.48 0.101 0.14882 -0.047818 1 . 
4.56 0.101 0.15084 -0.049841 1 L 4.64 0.116 0.15283 -0.036828 1 
4.73 0.108 0.15502 -0.047023 1 
4.81 0.116 0.15694 -0.04094 1 



5.06 0.13 0.16273 -0.032731 1 
5.14 0.137 0.16452 -0.027524 1 
5.23 0.13 0.16651 -0.036507 1 
5.73 0.166 0.17694 -0.010944 1 
6.23 0.173 0.18651 -0.013509 1 
6.73 0.202 0.19534 0.0066638 1 
7.23 0.217 0.20353 0.013468 1 
7.73 0.231 0.21118 0.01982 1 
8.23 0.245 0.21835 0.02665 1 
8.73 0.26 0.2251 0.034903 1 
9.23 0.267 0.23147 0.035531 1 
9.73 0.282 0.23751 0. 044.494 1 

10.23 0.303 0.24324 0.05976 1 
10.73 0.31 0.2487 0.061298 1 
11.23 0.318 0.25391 0.064085 1 
11.73 0.325 0.2589 0.066099 1 
12.23 0.325 0.26368 0.06132 1 
12.73 0.339 0.26827 0.070733 1 
13.23 0.347 0.27268 0.074322 1 
13.73 0.354 0.27693 0.077074 1 
14.23 0.361 0.28102 0.079978 1 
14.73 0.375 0.28498 0.090023 1-
15.23 0.368 0.2888 0.0792 1 
15.73 0.375 0.2925 . 0.0825 1 
16.23 o. 3·9 0.29608 0.093916 1 
16.73 0.39 ·o. 29956 0.090441 1 
17.23 0.404 0.30293 0.10107 1 
17.73 0.412 0.30621 0.10579 1 
18.23 0.404 0.3094 0.094604 1 
18.73 0.404 0.3125 0.091504 1 
19.23 0.412 0.31551 0.096485 1 
19.73 0.412 0.31846 0.093544 1 
20.23 0.426 0.32132 0.10468 1 
20.73 0.426 0.32412 0.10188 1 
21.23 0.433 0.32685 0.10615 1 
21.73 0.426 0.32952 0.096479 1 
22.23 0.433 0.33213 0.10087 1 
22.73 0.419 0.33468 0.084322 1 
23.23 0.44 0.33717 0.10283 1 
23.73 0.426 0.33961 0.086387 1 
24.23 0.44 0.342 0.097997 1 
25.23 0.44 0.34664 0.093361 1 
26.23 0.448 0.3511 0.096905 1 
27.23 0.462 0.35539 0.10661 1 
28.23 0.455 0.35952 0.09548 1 
29.23 0.462 0.36351 0.098488 1 
30.23 0.469 0.36737 0.10163 1 
31.23 0.469 0.3711 0.097898 1 
32.23 0.476 0.37472 0.10128 1 
33.23 0.469 0.37822 0.090778 1 
34.23 0.484 0.38162 0.10238 1 
35.23 0.484 0.38493 0.099074 1 

· 36. 23 0.484 0.38814 0.095863 1 
37.23 0.491 0.39126 0.09974 1 
38.23 0.491 0.3943 0.096699 1 
39.23 0.491 0.39726 0.093736 1 
40.23 0.498 0.40015 0.097848 1 
41.23 0.498 0.40297 0.095031 1 
42.23 0.491 0.40572 0.085281 1 
43.23 0.498 0.4084 0.089595 1 
44.23 0.505 0.41103 0.093971 1 



47.23 0.505 0.41856 0.086439 1 
48.23 0.513 0.42097 0.092034 1 
49.23 0.513 0.42332 0.089678 1 
50.23 0.505 0.42563 0.07937 1 
51.23 0.513 0.42789 0.085107 1 ,~,\ 
52.23 0.513 0.43011 0.082888 1 
53.23 0.52 0.43229 0.08771 1 
54.23 0.52 0.43443 0."085574 1 
55.23 0.527 o.·43652 0.090476 1 
56.23 0.52 0.43858 0.081415 1 
57.23 0.52 0.44061 0.079391 l 
58. 23 . 0.52 0.4426 0.077402 l 
59.23 0.52 0.44455 0.075447 1 
60.23 0.52 0.44648 0.073525 l 
61.23 0.527 0.44837 0.078634 1 
62.23 0.527 0.45023 0.076773 1 
63.23 0.534 0.45206 0.081943 l 
64.23 0.527 0.45386 0.073141 1 
69.23 0.527 0.46247 0.064531 l 
74.23 0.563 0.47048 0.09252 1 
79.23 0.556 0.47797 0.078031 l 
84.23 0.556 0.485 0.071 1· 
89.23 0.556 0.49163 0.064373 1 
94.23 0.563 0.49789 0.065108 1 
99.23 0.563 0.50383 0.059165 1· 

104.23 0.578 0.50949 0.068514 1 
109.23 0.585 0.51487 0.070128 1 
114.23 0.578 0.52002 0.057982 1 
119.23 0.585 0.52494 0.060056 1 
124.23 0.592 0.52967 0.062333 1 
129.23 0.592 0.5342 0.057795 l 
134.23 0.599 0.53857 0.060429 1 
139.23 0.599 0.54278 0.056223 1 
144.23 0.599 0.54684 0.052165 1 
149.23 0.606 0.55076 0.055245 l 
154.23 0.614 0.55455 0.059454 1 
159.23 0.606- 0.55822 0.047783 1 
164.23 0.614 0.56177 0.052226 1 
169.23 0.621 0.56522 0.055776 1 
174.23 0.621 0.56857 0.052425 1 
179.23 0.635 0.57183 0.063169 1 
184.23 0.635 0.575 0.060003 1 
199.23 0.635 0.58401 0.050995 1 
214.23 0.65 0.59236 0.057639 1 
229.23 0.657 0.60015 0.056848 1 
244.23 0.657 0.60745 0.049551 1 
259.23 0.664 0.61431 0~0496'87 1 
274.23 0.664 0.62079 0.043209 1 
289.23 0.664 0.62692 0.037076 1 
304.23 0.671 0.63275 0.038252 1 
319.23 0.671 0.63829 0.032708 1 
334.23 0.686 0.64358 0.042418 l 
349.23 0.679 0.64864 0.03036 1 
364.23 0.679 0.65349 0.025514 1 
379.23 0.686 0.65814 0.027863 1 
394.23 0.7 0.66261 0.037393 1 
409.23 0.7 0.66691 0.033089 l . 
424.23 0.707 0.67106 0.03594 1 l 439.23 0.686 0.67507 0.010935 1 
454.23 0.715 0.67894 0.036064 1 
469.23 0.707 0.68268 0.024318 1 



514.23 0.715 0.69324 0.02176 l 
'5t29.23 ttGl'.t>it -~~6 0. 01044Q l 
544.23 0.715 0.69978 0.015221 l 
559.23 0.715 0.70291 0.012086 1 
574.23 0.722 0.70597 0.016033 1 
589.23 0.715 0.70894 0.0060589 1 
604.23 0.715 0.71184 0.0031595 1 
619.23 0.722 0.71467 0.007331 1 
634.23 0.715 0~71743 -0.0024299 l 
649.23 0.707 0.72013 -0.013126 1 
664.23 0.715 0.72276 -0.0077614 1 
679.23. 0.715 0.72534 -0.010338 1 
694.23 0.693 0.72786 -0.034858 l 
709.23 0.715 0.73032 -0.015324 l 
724.23 0.693 0.73274 -0.039739 l 
754.23 0.693 0.73742 -0.044422 1 
784.23 0.671 0.74192 -0.070923 1 
814.23 0.671 0.74626 -0.075256 1 
844.23 0.65. 0.75043 -0.10043 l 
874.23 0.635 0.75446 -0.11946 l 
904.23 0.643 0.75836 -0.11536 l 
934.23 0.657 0.76212 -0.10512 l 
964.23 0.635 0.76577 -0.13077 1· 
994.23 0.628 0.76931 -0.14131 :1 
1024.2 0.606 0.77274 -0.16674 l 
1054.2 0.534 0.77608 -0.24208 1 
1084.2 0.599 0.77932 -0.18032 1 
1114.2 0.599 0.78247 -0.18347 1 
1144.2 0.628 0.78554 -0.15754 1 
1174.2 0.635 0.78852 -0.15352 1 
1204.2 0.643 0.79144 -0.14844 1 
1234.2 0.643 0.79428 -0.15128 l 
1264.2 0.643 0.79705 -0.15405 l 
1294.2 0.657 0.79976 -0.14276 l 
1324.2 0.664 0.80241 -0.13841 l 
1354.2 0.664 0.805 -0.141 1 
1384.2 0.671 0.80753 -0.13653 1 
1414.2 0.671 0.81001 -0.13901 l 
1444.2 0.664 0.81243 -0.14843 l 
1474.2 0.679 0.81481 -0.13581 1 
1504.2 0.686 0.81714 -0.13114 l 
1534.2 0.693 0.81942 -0.12642. 1 
1564.2 0.707 0.82165 -0.11465 1 
1594.2 0.715 0.82385 -0.10885 1 
1624.2 0.722 0.826 -0.104 1 
1654.2 0.729 0.82812 -0.09912 1 
1684.2 0.736 0.8302 -0.094197 l 
1714.2 0.758 0.83224 -0.074237 l 
1744.2 0.765 0.83424 -0.069242 1 
1774.2 0.772 0.83621 -0.064213 1 
1804.2 0.78 0.83815 -0.058152 1 
1834.2 0.794 0.84006 -0.046058 1 
1864.2 0.809 0.84193 -0.032933 1 
1894.2 0.809 0.84378 -0.034778 l 
1924.2 0.823 0.84559 -0.022595 1 
1954.2 0.823 0.84738 -0.024383 1 
1984.2 0.837 0.84914 -0.012145 1 
2014.2 0.852 0.85088 0.0011206 1 
2044.2 0.852 0.85259 -0.00058869 l 
2074.2 0.866 0.85427 0.011727 1 
2104.2 0.874 0.85593 0.018067 1 



2194.2 
2224.2 
2254.2 
2284.2 
2314.2 
2344.2 
2374.2 
2404.2 
2434.2 
2464.2 
2494.2 
2524.2 · 
2554.2 
2584.2 
2614.2 
2644.2 
2674.2 
2704.2 
2734.2 
2764.2 
2794.2 
2824.2 
2854.2 
2884.2 
2914.2 
2944.2 
2974.2 
3004.2 
3034.2 

0.895 
0.902 
0.902 
0.902 
0.902 
0.902 
0.902 
0.917 
0.91 

0.917 
0.917 
0.917 
0.924 
0.924 
0.91 

0.931 
0.924 
0.91 

0.917• 
0.917 
0.917 
0.917 
0.917 
0.91 
0.91 

0.902 
0.895 
0.874 
0.881 

0.86078 
0.86235 
0.8639 

0.86542 
0.86693 
0.86842 
0.86989 
0.87135 
0.87278 

0.8742 
0.8756 

0.87698 
0.87835 

0.8797 
0.88103 
0.88235 
0.88366 
0.88495 
0.88622 
0.88748 
0.88873 
0.88997 
0.89119 

0.8924 
0.8936 

0.89478 
0.89596 
0.89712 
0.89827 

0.034224 
0.039654 
0.038105 
0.036576 
0.035067 
0.033577 
0.032107 
0.045655 

0.03722 
0.042804 
0.041404 
0.040021 
0.045655 
0.044304 
0.028969 
0.048649 
0.040344 
0.025054 
0.030778 
0.029515 
0.028266 
0.027031 
0.025809 
0.017599 
0.016402 

0.0072168 
-0.00095609 

-0.023117 
-0.017267 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

===================================-==~========= ======================( 
RESULTS FROM VISUAL CURVE MATCHING 

:SUAL MATCH PARAMETER ESTIMATES 

Estimate 
T = 7.2303E+OOO 
S = 5.4170E-003 

:<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>> 
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A Q T E S O L V R E S U L T S 
Version 1.10 

7/28/92 10:00:~, 

======================================================================== 
TEST DESCRIPTION 

ita set ••••••••••• b:\6a_t&rec.aqt 
ita set title ••.•• STF, AQUIFE~ TEST, 6A DATA, 4A RECOVERY 

1owns and Constants: 
No. of data points •••••••••••••••••• 240 
Pumping rate. . . . . . . . . . . . . . . . . . . . . . . . 8. 02 
Total pumping time •••••••••••••••••• 2944 

========================================================================== 
ANALYTICAL METHOD 

1eis Recovery (Confined Aquifer) 

===========================================================================. 
RESULTS FROM STATISTICAL CURVE MATCHING 

rATISTICAL MATCH PARAMETER ESTIMATES 

T = 
S' = 

Estimate 
1.7408E+000 +/-
4.29JJE+000 +/-

lALYSIS OF MODEL RESIDUALS 

Std. Error 
5.8788E-002 
-2.1409E-001 

lsidual = calculated - observed 
~ighted residual= residual* weight 

~ighted Residual Statistics: 
Number of residuals ••••••••••••••• 240 
Number of estimated parameters •••• 2 
Degrees of freedom ••••••••••.••••• 238 
Residual mean ••••••••••••••••••••• -5.422E-012 
Residual standard deviation ••••••• 0.1335 
Residual variance ••••••••••••••••• 0.01783 

idel Residuals: 

Time Observed Calculated 
·--------- ------------- -------------

JO 0.895 1.1512 
60 0.874 0.90071 
90 0.881 0.75567 

107.J 0.881 0.69329 

Residual 

-------------
-0.25619 

-0.026707 
0.12533 
0.18771 

Weight 

-------------
1 l 1 
1 
1 



109.3 0.881 0.68676 0.19424 1 
111.3 0.874 0.68035 0.19365 1 
113.3 0.874 0.67406 0.19994 1 

114 0.874 0.67188 0.20212 1 
114.01 0.881 0.67185 0.20915 1 
114.03 0.866 0.67179 0.19421 1 
114.05 0.874 0.67173 0.20227 1 
114.07 0.866 o .• 67167 0.19433 1 
114.08 0.874 0.67164 0.20236 1 
114.1 0.859 0.67157 0.18743 1 

114.12 0.859 0.67151 0.18749 1 
114 .13' 0.874 0.67148 0.20252 1 
114.15 0.852 0.67142 0.18058 1 
114.16 0.852 0.67139 0.18061 1 
114.18 0.852 0.67133 0.18067 1 
114.2 0.852 0.67127 0.18073 1 

114.22 0.845 0.6712 0.1738 1 
114.23 0. 845 · 0.67117 0.17383 1 
114.25 0.837 0.67111 0.16589 1 
114.26 0.837 0.67108 0.16592 1 
114.28 0.837 0.67102 0.16598 1· 
114.3 0.837 0.67096 0.16604 1 

114.32 0.837 0.67089 0.16611 1 
114.33 0.83 0.67086 0.15914 1 
114.35 0.83 0.6708 0.1592 1 
114.36 0.83 0.67077 0.15923 1 
114.38 0.823 0.67071 0.15229 1 
114.4 0.83 0.67065 0.15935 1 

114.42 0.83 0.67059 0.15941 1 
114.45 0.823 0.67049 0.15251 1 

.. r 114.47 0.823 0.67043 0.15257 1 
114.48 0.823 0.6704 0.1526 1 
114.5 0.823 0.67034 0.15266 1 

114.51 · 0. 823 0.67031 0.15269 1 
114.53 0.823 0.67025 0.15275 1 
114.54 0.823 0.67022 0.15278 1 
114.55 0.823 0.67019 0.15281 1 
114.57 0.816 0.67012 0.14588 1 
114.58 0.816 0.67009 0.14591 1 
114.6 0.816 0.67003 0.14597 1 

114.62 0.816 0.66997 0.14603 1 
114.63 0.816 0.66994 0.14606 1 
114.65 0.809 0.66988 0.13912 1 
114.66 0.809 0.66985 0.13915 1 
114.68 0.809 0.66978 0.13922 1 
114.7 0.809 0.66972 0.13928 1 

114.72 0.809 0.66966 0.13934 1 
114.73 0.801 0.66963 0.13137 1 
114.75 0.809 0.66957 0.13943 1 
114.76 0.801 0.66954 0.13146 1 
114.78 0.801 0.66948 0.13152 1 
114.8 0.801 0.66942 0.13158 1 

114.82 0.801 0.66935 0.13165 1 
114.83 0.801 0.66932 0.13168 1 
114.85 0.801 0.66926 0.13174 1 
114.86 0.794 0.66923 0.12477 1 
114.88 0.801 0.66917 0.13183 1 
114.9 0.801 0.66911 0.13189 1 

114.92 0.794 0.66905 0.12495 1 
114.93 0.794 0.66902 0.12498 1 



114.95 0.787 0.66895 0.11805 1 
114.99 0.794 0.66883 0.12517 1 

115 0.794 0.6688 0.1252 1 
115.02 0.794 0.66874 0.12526 1 
115.08 0.787 0.66856 0.11844 1 
115.17 0.78 0.66828 0.11172 1 
115.25 0.772 0.66803 0.10397 1 
115.33 0.772 0.66779 0.10421 1 
115.42 0.765 0.66751 0.097485 1 
115.5 0.765 0.66727 0.09773 1 

115.58 0.765 0.66703 0.097974 1 
115.67 0.758 0.66675 0. 091249 1 
115.75 0.744 0.66651 0.077492 1 
115.83 0.751 0.66626 0.084736 1 
115.92 0.751 0.66599 0.08501 1 

116 0.751 0.66575 0.085254 1 
116.5 0.715 0.66423 0.050771 1 

117 0.707 0.66272 0.044281 1 
117.5 0.693 0.66121 0.031785 1 

118 0.686 0.65972 0.026282 1 
118.5 0.671 0.65823 0.012773 l· 

119 0.664 0.65674 0.0072569 1 
119.5 0.65 0.65527 -0.0052655 1 

120 0.643 0.65379 -0.010794 1 
120.5 0.628 0.65233 -0.024329 1 

121 0.621 0.65087 -0.029871 1 
121.5 0.614 0.64942 -0.035419 1 

122 0.606 0.64797 -0.041973 1 
122.5 0.599 0.64653 -0.047533 1 

123 0.585 0.6451 -0.060099 1 
123.5 0.585 0.64367 -0.058671 1 ( 

124 0.578 0.64225 -0.064249 1 
124.5 0.57 0.64083 -0.070833 1 

125 0.563 0.63942 -0.076424 1 
125.5 0.541 0.63802 -0.097019 1 

126 0.541 0.63662 -0.095621 1 
126.5 0.541 0.63523 -0.094229 1 

127 0.541 0.63384 -0.092842 1 
127.5 0.534 0.63246 -0.098461 1 

128 0.527 0.63109 -0.10409 1 
128.5 0.527 0.62972 -0.10272 1 

129 0.52 0.62835 -0.10835 1 
129.5 0.513 0.62699 -0.11399 1 

130 0.513 0.62564 -0.11264 1 
130.5 0.52 0.62429 -0.10429 1 

131 0.505 0.62295 -0. l.1795 1 
131.5 0.498 0.62161 -0.12361 1 

132 0.498 0.62028 -0.12228 1 
132.5 0.498 0.61895 -0.12095 1 

133 0.491 0.61763 -0.12663 1 
133.5 0.491 0.61631 -0.12531 1 

134 0.484 0.615 -0.131 1 
134.5 0.484 0.6137 -0.1297 1 

135 0.469 0.6124 -0.1434 1 
136 0.469 0.60981 -0.14081 1 
137 0.462 0.60724 -0.14524 1 
138 0.462 0.60469 -0.14269 1 ( 
139 0.462 0.60217 -0.14017 1 
140 0.455 0.59966 -0.14466 1 
141 0.448 0.59716 -0.14916 1 



142 0.44 0.5941'69 0.15469 1 
143 0.433 0.59224 -0.15924 1 
144 0.426 0.5898 -0.1638 1 

.~ 145 0.426 0.58738 -0.16138 1 
't( 146 0.419 0.58498 -0.16598 1 

147 0.426 0.5826 -0.1566 1 
148 0.412 0.58023 -0.16823 1 
149 0.412 0 .• 57788 -0.16588 1 
150 0.412 0.57554 -0.16354 1 
151 0.404 0.57323 -0.16923 1 
152 0.404 0.57092 -0.16692 1 
153 0.404 o.56864 -0.16464 1 
154 0.404 0.56637 -0.16237 1 
155 0.383 0.56411 -0.18111 1 
156 0.39 0.56187 -0.17187 1 
157 0.39 0.55965 -0.16965 1 
158 0.383 0.55744 -0.17444 1 
159 0. 383 . 0.55524 -0.17224 1 
160 0.375 0.55306 -0.17806 1 
161 0.368 0.5509 -0.1829 1 
162 0.375 0.54874 -0.17374 1· 
163 0.354 0.54661 -0.19261 1 
164 0.361 0.54448 -0.18348 1 
165 0.361 0.54237 -0.18137 1 
166 0.361 0.54027 -0.17927 1 
167 0.361 0.53819 -0.17719 1 
168 0.361 0.53612 -0.17512 1 
169 0.361 0.53406 -0.17306 1 
170 0.354 0.53201 -0.17801 1 

, ...... , 171 0.354 0.52998 -0.17598 1 
( 172 0.354 0.52796 -0.17396 1 

173 0.361 0.52595 -0.16495 1 
174 0.354 0.52395 -0.16995 1 
175 0.347 0.52197 -0.17497 1 
180 0.332 0.51223 -0.18023 1 
185 0.339 0.50277 -0.16377 l· 
190 0.325 0.49358 -0.16858 1 
195 0.325 0.48463 -0.15963 1 
200 0.318 0.47593 -0.15793 1 
205 0.31 0.46746 -0.15746 1 
210 0.303 0.45921 -0.15621 1 
215 0.289 0.45116 -0.16216 1 
220 0.282 0.44331 -0.16131 1 
225 0.274 0.43565 -0.16165 1 
230 0.267 0.42817 -:-0.16117 1 
235 0.274 0.42086 -0.14686 1 
240 0.274 0.41372 -0.13972 1 
245 0.26 0.40673 -0.14673 1 
250 0.253 0.3999 -0.1469 1 
255 0.245 0.39321 -0.14821 1 
260 0.238 0.38666 -0.14866 1 
265 0.253 0.38025 -0.12725 1 
270 0.245 0.37397 -0.12897 1 
275 0.231 0.36781 -0.13681 1 
280 0.217 0.36177 -0.14477 1 
285 0.231 0.35585 -0.12485 1 
290 0.224 0.35004 -0.12604 1 
295 0.224 0.34434 -0.12034 1 
310 0.217 0.32784 -0.11084 1 
325 0.209 0.3122 -0.1032 1 



:t'lfet 0.1~ 0.29734 -o.rnn:r, 1 
355 0.188 0.28318 -0.095178 1 
370 0.181 0.26967 -0.088666 1 
385 0.166 0.25675 -0.09075 1 -~ 
400 0.166 0.24438 -0.078383 1 r· 
415 0.152 0.23253 -0.080525 1 
430 0.137 0.22114 -0.08414 1 
445 0.137 0~21019 -0.073193 1 
460 0.137 0.19966 -0.062656 1 
475 0.137 0.1895 -0.052502 1 
490 0.123 0.17971 -0.056707 1 
505 0.13 0.17025 -0.040248 1 
520 0.123 0.16111 -0.038106 1 
535 0.108 0.15226 -0.044263 1 
550 0.108 0.1437 -0.035701 1 
565 0.116 0.13541 -0.019406 1 
580 0.101 0.12736 -0.026362 1 
595 0.101 0.11956 -0.018557 1 
610 0-094 0.11198 -0.017978 1 
625 0.101 0.10461 -0.0036144 1 
640 0.101 0.097456 0.0035442 1 
655 0.101 0.090492 0.010508 1 
670 o. 09_4 0.083715 0.010285 1 
685 0.108 0.077115 0.030885 1 
700 0.094 0.070684 0.023316 1 
715 0.087 0.064416 0.022584 1 
730 0.087 0.058303 0.028697 1 
745 0.087 0.052339 0.034661 1 
760 0.087 0.046517 0.040483 1 
775· 0.087 0.040832 0.046168 1 
790 0.079 0.035279 0.043721 1 
805 0.087 0.029852 0.057148 1 
820 _ o. 072 0.024546 0.047454 1 
835 0.065 0.019358 0.045642 1 
865 0.065 0.0093139 0.055686 1 
895 0.072 -0.00031126 0.072311 1 
925 0.058 -0.0095466 0.067547 1 
955 0.065 -0.018418 0.083418 1 
985 0.051 -0.026949 0.077949 1 

1015 0.051 -0.035161 0.086161 1 
1045 0.036 -0.043074 0.079074 1 
1075 0.043 -0.050706 0.093706 1 
1105 0.029 -0.058072 0.087072 1 
1135 0.036 -0.065187 0.10119 1 
1165 0.043 -0.072067 .0.11507 1 
1195 0.043 -0.078722 0.12172 1 
1225 0.036 -0.085166 0.12117 1 
1255 0.058 -0.091409 0.14941 1 
1285 0.036 -0.09746 0.13346 1 
1315 0.051 -0.10333 0.15433 1 
1345 0.043 -0.10903 0.15203 1 
1375 0.043 -0.11456 0.15756 1 
1405 0.043 -0.11994 0.16294 1 
1435 0.029 -0.12516 0.15416 1 
1465 0.007 -0.13025 0.13725 1 
1525 0.014 -0.14001 0.15401 1 

l 
============================================================================== 

RESULTS FROM VISUAL CURVE MATCHING 



~L MATCH PARAMETER 

r(' Estimate 
= 3.6362E+OOO 

S' = 2.9328E+OOO 

ESTIMATES 

<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>> 

J 



STP - AQU%PBR TBST 
DW-4A POHPBD, CBS-6A OBS (DATA) 
JACOB STRAZGB'l' L%HB DTBOD 

Transmissivity 

2.30 

T ·-.-
[ 4•p•[[ 6 2 ~ 8 1 l]l 

(1) a 

flowrate Q ·-.- 60·g~l 
min 

radius r ·-.- 21.Sl•ft 

time t1 .- l0·min 

drawdown s1 .- 0.36•ft 

2.30 

T ·-.-
[ 4 • P ·[ [ s 2 ~ s 1 ) l l 

(1) 

12 Karch 92 
K/J 916055.09 
6a_t&44.mc4 

Storage coefficient 

s .-

[ill] [s2~•1] 
10 Q 

a 

t2 .- l00•min 

s2 .- 0.58°ft 

ft2 
T = 6. 67=-;=

min <------ Transmissivity 

S = 0.007 <------ storage coefficient 

...,( 

. 
l 

NOTE: see attached graph for semi-log plot of data and straight 
line. 



STF-AQUIFER TEST 
NMW-4A PUMPED, CBS-6A OBSERVATION(DATA) 

1 

0.9 

0.8 

~ 0.7 
LL -z 0.6 

_,,,.,. ___ =s: 
'"" J 

0.5 

i 0.4 

0.3 C 

0.2 

0.1 

0 I I I I I I 

1 10 1100 1000 10000 
TIME (MIN) 

t1 t2 



STP - AQUIFER TEST 
NMW-4A PUMPED, CBS-6A OBS (DATA) 
THEIS METHOD 

DEVELOP STANDARD THEIS CURVE 

i := 0 •• 9 

1 

101 

12 March 92 
K/J 916055.09 
6a THBS.MCD 

w .- - o. 577216 - ln[ u.] +u. - [ ut]2 +[ ut]3 - [ ut]4 +[ ui ]5 -[ ui ]6 + [ ui J7 - [ ui]a 
i 1 1 4 18 96 600 4320 35280 32256 

PLOT PIELD DATA SET IN THEIS PORK 

Q := 60. gal 
min 

r := 21.8l•ft 

test pumping rate 

radius between pumping and observation 
well 

t s := READPRN (data_6a) read time-drawdown data file 

t := t_s<o> ·min 

N := length (t) 

N = 289 

j := 0 •• N - 1 

time data 

drawdown data 

number of observations, N 



Estimates of Transmissivity, T, and Storage Coefficient, S 

ft 2 
T .- 4.5 •-.

min 

W• 
1 

1 

0.01 1 

S .- 0.04 

uu. 
J 

__ [r2 •s] 
[ 4 ·T·ti) 

1000 1 '1 
1 1 -,-
ui wj 

BIILARGED PLOT OF DATA AND STANDARD THBZS CURVES 

100 

-1-
-1----

10 = 

-----
1 --

J 
I 

0.1 

0.01 --1 

~I---
-

111111 

1-

11W 
10 100 

--i-

-
1000 10000 1 ·1tt1 1 ·10" 

T = 4 • 84 7 • 104 gal 
(ft ·day) 

1 '10' 1 '10" 

S = 0.04 

1 '1 
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WELL NMW-1A 
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r--. 
+,1 
ft.-4 .._., 
+-> 
Q 
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E 
(L) 
(J 

cd ...... 
Pt 
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WELL NMW-1A 
1 a • [_[ I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I 

y0 = 2.J.77 f't 

1+ 

0.1 
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TAC1A x := 1149277°ft 

TAC1A y :: 686844-ft 

NMIJSC x := 1146S13.19°ft 

NMIJSC y := 695231. 71°ft 

NMW3B x := 114S698.02•ft 

NMW3B y :=691656.58-ft 

NMW3C x := 114S704.3°ft 

NMW3C y :=691660.72-ft 

d Sc := ✓ (TAC1A r NMIJSC x) 2+ (TAC1A y- NMWSC y) 2 

d Sc = 8831.33 •ft 

d 3c = S997.oa·n 
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A Q T E S O L V R E S U L T S 
Version 1.10 

17/29/92 15:53:51 

:=========---------------------------====================--===========--======= 
TEST DESCRIPTION 

1ata set ........... B:\NMW3C DD.AQT 
1ata set title ••••• TAC-lA TEST - DRAWDOWN NMW-3C 

nowns and Constants: 
No. of data points ••••••••••••••.••• 305 
Puntping rate ............. · ........... 401 
Radius (distance) to obs. well •••••• 5997 
Radius of pumped well casing .••••••• 0.5 
Radius of pumped wellbore ••••••••••• 0.5 

:=================================================.~----~================ ·======= 
ANALYTICAL METHOD 

heis (Confined Aquifer) 

·==========================================================================.-
RESULTS FROM STATISTICAL CURVE MATCHING 

TATISTICAL MATCH PARAMETER ESTIMATES 

T = 
s = 

Estimate 
l.3229E+001 +/
l.4944E-004 +/-

NALYSIS OF MODEL RESIDUALS 

Std. Error 
2.0070E-001 
5.1957E-006 

esidual = calculated - observed 
eighted residual= residual* weight 

eighted Residual Statistics: 
Number of residuals ..••••••••.•••• 305 
Number of estimated parameters •••• 2 
Degrees of freedom ••.•••••••.••••• 303 
Residual mean ••••••••••••••••••••• -0.0129 
Residual standard deviation .•••••• 0.4005 
Residual variance •••••••••••••.••• 0.1604 

~1 Residuals: 

Time Observed Calculated Residual Weight 

1 0.001 0 0.001 1 
29.998 0.007 0.019376 -0.012376 1 

l 



59.999 0.021 0.18197 -0.16097 1 
89.997 0.05 0.42837 -0.37837 1 

120 0.122 0.68951 -0.56751 1 
150 0.223 0.9419 -0.7189 1 
180 0.368 1.1789 -0.81085 1 
210 0.512 1.3993 -0.88735 1 
240 0.671 1.6042 -0.9332 1 
270 0.837 1.7948 -0.95781 1 
300 1.01 1.9727 -0.96267 1 
330 1.183 2.1391 -0.95614 1 
360 1.349 2.2954 -0.94645 1 
390 1.515 2.4427 -0.92768 1 
420 1.674 2.5818 -0.90776 1 
450 1.833 2.7135 -0.88051 1 
480 1.992 2.8386 -0.84663 1 
510 2.151 2.9577 -0.80673 1 
540 2.302 3.0713 -0.76934 1 
570 2.447 3.1799 -0.73294 1 
600 2.584 3.2839 -0.69995 1 
630 2.728 3.3837 -0.65571 1 
660 2.865 3.4796 -0.61458 1-
690 2.995 3.5718 -0.57682 1 
720 3.125 3.6607 -0.53571 1 
750 3.248 3.7465 -0.49847 1 
780 3.378 3.8293 -0.45131 1 
810 3.493 3.9094 -0.41643 1 
840 3.609 3.987 -0.37799 1 
870 3.724 4.0622 -0.33816 1 
900 3.84 4.1351 -0.29506 1 

~. 930 3.948 4.2059 -0.25785 1 
' ' _, 960 4.049 4.2746 -0.22563 1 

990 4.158 4.3415 -0.18352 1 
1020 4.259 4.4066 -0.14761 1 
1050 4.352 4.47 -0.11799 1 
1080 4.439 4.5318 -0.09276 1 
1110 4.533 4.592 -0.059003 1 
1140 4.612 4.6508 -0.038777 1 
1170 4.699 4.7082 -0.0091563 1 
1200 4.771 4.7642 0.0067867 1 
1230 4.858 4.819 C.039 1 
1260 4.923 4.8726 0.050427 1 
1290 4.995 4.925 0.070012 1 
1320 5.067 4.9763 0.090709 1 
1350 5.139 5.0265 0.11247 1 
1380 5.204 5.0757 -0.12825 1 
1410 5.262 5.124 0.13802 1 
1440 5.327 5.1713 0.15573 1 
1470 5.399 5.2177 0.18134 1 
1500 5.457 5.2632 0.19383 1 
1530 5.515 5.3078 0.20716 1 
1560 5.587 5.3517 0.2353 1 
1590 5.645 5.3948 0.25022 1 
1620 5.702 5.4371 0.2649 1 
1650 5.767 5.4787 0.2883 1 
1680 5.825 5.5196 0.30541 1 
1710 5.876 5.5598 0.3162 1 
1740 5.933 5.5994 0.33365 1 
1770 5.984 5.6383 0.34573 1 
1800 6.042 5.6766 0.36543 1 
1830 6.085 5.7143 0.37073 1 



1860 6.135 5.7514 0.3836 1 
1890 6.179 5.788 0.39104 1 
1920 6.222 5.824 0.39803 1 
1950 6.258 5.8595 0.39854 1 
1980 6.294 5.8944 0.39957 1 
2010 6.33 5.9289 0.40109 1 
2040 6.374 5.9629 0.4111 1 
2070 6.403 5.9964 0.40659 1 
2100 6.431 6.0295 0.40153 1 
2130 6.46 6.0621 0.39792 1 
2160 6.504 6.0943 0.40974 1 
2190 6.533 6.126 0.40698 1 
2220 6.561 6.1574 0.40364 1 
2250 6.597 6.1883 0.4087 1 
2280 6.634 6.2188 0.41515 1 
2310 6.67 6.249 0.42098 1 
2340 6.699 6.2788 0.42019 1 
2370 6.735 6.3082 0.42676 1 
2400 6.771 6.3373 0.43368 1 
2430 6.8 6.3661 0.43395 1 
2460 6.828 6.3944 0.43355 1-
2490 6.865 6.4225 0.44249 1 
2520 6.893 6.4502 0.44275 1 
2550 6.922 6.4777 0.44432 1 
2580 6.951 6.5048 0.44621 1 
2610 6.987 6.5316 0.45539 1 
2640 7.016 6.5581 0.45787 1 
2670 7.038 6.5844 0.45363 1 
2700 7.059 6.6103 0.44868 1 
2730 7.088 6.636 0.45201 1 
2760 7.117 6.6614 0.4556 1 
2790 7.139 6.6865 0.45246 1 
2820 7.161 6.7114 0.44958 1 
2850 7.189 6.7361 0.45295 1 
2880 7.211 6.7604 0.45057 1 
2910 7.233 6.7846 0.44843 1 
2940 7.254 6.8085 0.44554 1 
2970 7.283 6.8321 0.45088 1 
3000 7.305 6.8556 0.44944 1· 
3030 7.341 6.8788 0.46224 1 
3060 7.363 6.9017 0.46125 1 
3090 7.392 6.9245 0.46748 1 
3120 7.413 6.9471 0.46592 1 
3150 7.435 6.9694 0.46558 1 
3180 7.457 6.9916 .0.46543 1 
3210 7.478 7.0135 0.4644-9 1 
3240 7.5 7.0353 0.46475 1 
3270 7.521 7.0568 0.4642 1 
3300 7.543 7.0782 0.46484 1 
3330 7.558 7.0993 0.45867 1 
3360 7.572 7.1203 0.45168 1 
3390 7.594 7.1411 0.45287 1 
3420 7.608 7.1618 0.44625 1 
3450 7.623 7.1822 0.44079 1 
3480 7.637 7.2025 0.43451 1 
3510 7.644 7.2226 0.4214 1 
3540 7.659 7.2425 0.41645 1 l_ 
3570 7.666 7.2623 0.40367 1 
3600 7.673 7.282 0.39105 1 
3630 7.688 7.3014 0.38658 1 



3660 7.695 7.3207 0.37427 1 
3690 7.702 7.3399 0.36212 1 
3720 7.716 7.3589 0.35712 1 
3750 7.731 7.3777 0.35326 1 
3780 7.745 7.3964 0.34855 1 
3810 7.76 7.415 0.34499 1 
3840 7.767 7.4334 0.33356 1 
3870 7.789 7.4517 0.33728 1 
3900 7.803 7.4699 0.33313 1 
3930 7.81 7.4879 0.32212 1 
3960 7.825 7.5058 0.31924 1 
3990 7.846 7.5235 0.3225 1 
4020 7.868 7.5411 0.32688 1 
4050 7.882 7.5586 0.32339 1 
4080 7.897 7.576 0.32103 1 
4110 7.919 7.5932 0.32579 1 
4140 7.94 7.6103 0.32967 1 
4170 7.947 7.6273 0.31968 1 
4200 7.962 7.6442 0.3178 1 
4230 7.976 7.661 0.31504 1 
4260 7.991 7.6776 0.31339 1. 
4290 7.998 7.6941 0.30386 1 
4320 8.005 7.7106 0.29444 1 
4350 8.02 7.7269 0.29314 1 
4380 8.027 7.7431 0.28394 1 
4410 8.034 7.7591 0.27485 1 
4440 8.056 7.7751 0.28087 1 
4470 8.063 7.791 0.27199 1 
4500 8.07 7.8068 0.26322 1 
4530 9.225 7.8225 1.4025 1 
4560 8.077 7.838 0.23897 1 
4590 8.092 7.8535 0.2385 1 
4620 8.099 7.8689 0.23013 1 
4650 8.113 7.8841 0.22886 1 
4680 8.128 7.8993 0.22868 1 
4710 8.135 7.9144 0.2206 1 
4740 8.15 7.9294 0.22061 1 
4770 8.15 7.9443 0.20571 1 
4800 8.164 7.9591 0.2049 1 
4830 8.171 7.9738 0.19719 1 
4860 8.178 7.9884 0.18956 1 
4890 8.186 8.003 0.18302 1 
4920 8.193 8.0174 0.17557 1 
4950 8.2 8.0318 0.1682 1 
4980 8.207 8.0461 ·0.16092 1 
5010 8.214 8.0603 0.15373 1 
5040 8.222 8.0744 0.14761 1 
5070 8.222 8.0884 0.13358 1 
5100 8.229 8.1024 0.12663 1 
5130 8.243 8.1162 0.12676 1 
5160 8.258 8.13 0.12797 1 
5190 8.272 8.1437 0.12826 1 
5220 8.279 8.1574 0.12163 1 
5250 8.265 8.1709 0.094068 1 
5280 8.258 8.1844 0.073587 1 
5310 8.251 8.1978 0.053179 1 
5340 8.251 8.2112 0.039846 1 
5370 8.258 8.2244 0.033586 1 
5400 8.272 8.2376 0.034398 1 
5430 8.272 8.2507 0.021283 1 



5460 8.265 8.2638 0.0012381 1 
5490 8.258 8.2767 -0.018737 1 
5520 8.265 8.2896 -0.024642 1 
5550 8.287 8.3025 -0.015478 1 
5580 8.316 8.3152 0.00075243 1 
5610 8.337 8.3279 0.009051 1 
5640 8.344 8.3406 0.0034164 1 
5670 8.344 8.3532 -0.0091531 1 
5700 8.352 8.3657 -0.013657 1 
5730 8.359 8.3781 -0.019096 1 
5760 8.337 8.3905 -0.053472 1 
5790 8.626 8.4028 0.22322 1 
5820 8.323 8.415 -0.092034 1 
5850 8.337 8.4272 -0.090222 1 
5880 8.308 8.4393 -0.13135 1 
5910 8.301 8.4514 -0.15042 1 
5940 8.294 8.4634 -0.16942 1 
5970 8.294 8.4754 -0.18137 1 
6000 8.294 8.4873 -0.19326 1 
6030 8.294 8.4991 -0.20509 1 
6060 8.301 8.5109 -0.20986 1-
6090 8.301 8.5226 -0.22157 1 
6120 8.308 8.5342 -0.22623 1 
6150 8.316 8.5458 -0.22983 1 
6180 8.323 8.5574 -0.23438 1 
6210 8.337 8.5689 -0.23187 1 
6240 8.337 8.5803 -0.24331 1 
6270 8.352 8.5917 -0.23969 1 
6300 8.352 8.603 -0.25102 1 
6330 8.359 8.6143 -0.2553 1 
6360 8.359 8.6255 -0.26652 1 
6390 8.366 8.6367 -0.27069 1 
6420 8.366 8.6478 -0.28181 1 
6450 8.373 8.6589 -0.28588 1 
6480 8.381 8.6699 -0.2889 1 
6510 8.381 8.6809 -0.29987 1 
6540 8.388 8.6918 -0.30379 1 
6570 8.388 8.7027 -0.31466 1 
6600 8.388 8.7135 -0.32548 1 
6630 8.388 8.7243 -0.33626 1 
6660 8.388 8.735 -0.34698 1 
6690 8.395 8.7457 -0.35066 1 
6720 8.438 8.7563 -0.31829 1 
6750 8.496 8.7669 -0.27087 1 
6780 8.684 8.7774 -0.093411 1 
6810 8.749 8.7879 -0.038903 1 
6840 8.64 8.7983 -0.15835 1 
6870 8.619 8.8088 -0.18975 1 
6900 8.59 8.8191 -0.22911 1 
6930 8.547 8.8294 -0.28242 1 
6960 8.51 8.8397 -0.32969 1 
6990 8.496 8.8499 -0.35391 1 
7020 8.482 8.8601 -0.3781 1 
7050 8.482 8.8702 -0.38824 1 
7080 8.474 8.8803 -0.40633 1 
7110 8.482 8.8904 -0.40839 1 
7140 8.482 8.9004 -0.4184 1 
7170 8.482 8.9104 -0.42837 1 
7200 8.46 8.9203 -0.4603 1 
7230 8.409 8.9302 -0.52119 1 



7260 8.409 8.94 -0.53104 1 
7290 8.395 8.9498 -0.55485 1 
7320 8.409 8.9596 -0.55062 1 
7350 9.11 8.9693 0.14065 1 
7380 9.146 8.979 0.16696 1 
7410 8.864 8.9887 -0.12469 1 
7440 8.727 8.9983 -0.27131 1 
7470 8.698 9.0079 -0.30988 1 
7500 8.691 9.0174 -0.32642 1 
7530 8.698 9.0269 -0.32892 1 
7560 8.727 9.0364 -0.30938 1 
7590 8.749 9.0458 -0.29681 1 
7620 8.734 9.0552 -0.3212 1 
7650 8.727 9.0646 -0.33755 1 
7680 8.713 9.0739 -0.36087 1 
7710 8.691 9.0832 -0.39215 1 
7740 8.785 9.0924 -0.3074 1 
7770 8.879 9.1016 -0.22261 1 
7800 8.864 9.1108 -0.24678 1 
7830 9.333 9.1199 0.21308 1 
7860 8.879 9.129 -0.25003 1-
7890 8.944 9.1381 -0.1941 1 
7920 8.864 9.1471 -0.28314 1 
7950 8.871 9.1561 -0.28514 1 
7980 8.944 9.1651 -0.22111 1 
8010 8.958 9.174 -0.21605 1 
8040 8.922 9.183 -0.26095 1 
8070 9.023 9.1918 -0.16882 1 
8100 10.192 9.2007 0.99134 1 

/""N"-'"•., 8130 8.879 9.2095 -0.33047 1 

,f 8160 9.037 9.2182 -0.18124 1 
8190 8.763 9.227 -0.46399 1 
8220 8.828 9.2357 -0.4077 1 
8250 8.857 9.2444 -0.38738 1 
8280 8.871 9.253 -0.38203 1 
8310 8.864 9.2616 -0.39765 1 
8340 8.886 9.2702 -0.38423 1 
8370 8.857 9.2788 -0.42179 1 
8400 8.857 9.2873 -0.43032 1 
8430 8.835 9.2958 -0.46081 1 
8460 8.843 9.3043 -0.46128 1 
8490 8.85 9.3127 -0.46272 1 
8520 8.871 9.3211 -0.45012 1 
8550 8.879 9.3295 -0.4505 1 
8580 8.936 9.3379 --0.40185 1 
8610 8.929 9.3462 -0.41717 1 
8640 8.922 9.3545 -0.43246 1 
8670 8.922 9.3627 -0.44073 1 
8700 8.936 9.371 -0.43496 1 
8730 8.972 9.3792 -0.40717 1 
8760 9.052 9.3874 -0.33535 1 
8790 10.142 9.3955 0.7465 1 
8820 10.351 9.4036 0.94737 1 
8850 8.929 9.4117 -0.48272 1 
8880 8.98 9.4198 -0.43979 1 
8910 9.095 9.4278 -0.33284 1 
8940 10.358 9.4359 0.92215 1 
8970 9.167 9.4438 -0.27684 1 
9000 9.276 9.4518 -0.17581 1 
9030 9.175 9.4597 -0.28475 1 



9060 
9090 
9120 

8.915 
8.936 
9.016 

9.4677 
9.4755 
9.4834 

-0.55266 
-0.53954 
-0.4674 

1 
1 
1 

===========================================================================~ 
RESULTS FROM VISUAL CURVE MATCHING 

'ISUAL MATCH PARAMETER ESTIMATES 

T = 
s = 

Estimate 
7.9941E+000 
2.3346E-004 

:<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>> 
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A Q T E S O L V R E S U L T S 
Version 1.10 

17/29/92 15:57:07 

TEST DESCRIPTION 

>ata set .•......•.. B:\NMW3C DD.AQT 
>ata set title .•... TAC-lA TEST - DRAWDOWN NMW-3C 

~nowns and Constants : 
No. of data points •....••........••. 305 
Pumping rate.. . . . . . . . . . . . . . . . . . . . . . . 401 
Radius (distance) to obs. well ..•.•• 5997 
Radius of pumped well casing .•••.•.• 0.5 
Radius of pumped wellbore .•.......•• 0.5 

:========================================================================------
ANALYTICAL METHOD 

:ooper-Jacob (Confined Aquifer) 

RESULTS FROM STATISTICAL CURVE MATCHING 

TATISTICAL MATCH PARAMETER ESTIMATES 

T = 
s = 

Estimate 
1.6466E+001 +/-
8.3616E-005 +/-

NALYSIS OF MODEL RESIDUALS 

Std. Error 
3.1608E-001 
4.6536E-006 

esidual = calculated - observed 
eighted residual= residual* weight 

eighted Residual Statistics: 
Number of residuals •••••••.•••••.• 305 
Number of estimated parameters ..•• 2 
Degrees of freedom ....••••.....•.. 303 
Residual mean ....•••.•••..•••.•.•• 3.917E-009 
Residual standard deviation ..•.... 0.6877 
Residual variance .....•••......... 0.473 

:--·,1 Residuals: 

Time Observed Calculated Residual Weight 

1 0.001 -8.5251 8.5261 1 
29.998 0.007 -1.9328 1.9398 1 



59.999 0.021 -0.58924 0.61024 l 
89.997 0.05 0.19663 -0.14663 l 

120 0.122 0.75427 -0.63227 1 
150 0.223 1.1868 -0.96378 1 

{ 180 0.368 1.5402 -1.1722 1 
210 0.512 1.839 -1.327 1 
240 0.671 2.0978 -1.4268 1 
270 0.837 2.3261 -1.4891 1 
300 1.01 2.5303 -1.5203 1 
330 1.183 2.715 -1.532 1 
360 1.349 2.8837 -1.5347 1 
390 1.515 3.0388 -1.5238 1 
420 1.674 3.1825 -1.5085 l 
450 1.833 3.3162 -1.4832 1 
480 1.992 3.4413 -1.4493 l 
510 2.151 3.5588 -1.4078 l 
540 2.302 3.6696 -1.3676 l 
570 2.447 3.7744 -1.3274 1 
600 2.584 3.8738 -1.2898 l 
630 2.728 3.9684 -1.2404 1 
660 2.865 4.0585 -1.1935 l· 
690 2.995 4.1447 -1.1497 l 
720 3.125 4.2272 -1.1022 ·l 
750 3.248 4.3063 -1.0583 1 
780 3.378 4.3823 -1.0043 1 
810 3.493 4.4555 -0.96249 l 
840 3.609 4.526 -0.91698 1 
870 3.724 4.594 -0.86999 1 
900 3.84 4.6597 -0.8197 1 
930 3.948 4.7233 -0.77526 1 

! 960 4.049 4.7848 -0.7358 1 
990 4.158 4.8444 -0.68644 1 

1020 4.259 4.9023 -0.64331 1 
1050 4.352 4.9585 -0.60649 1 
1080 4.439 5.0131 -0.57409 1 
1110 4.533 5.0662 -0.5332 1 
1140 4.612 5.1179 -0.50589 1 
1170 4.699 5.1682 -0.46923 1 
1200 4.771 5.2173 -0.44631 1 
1230 4.858 5.2652 -0.40717 1 
1260 4.923 5.3119 -0.38888 1 
1290 4.995 5.3575 -0.36249 1 
1320 5.067 5.402 -0.33505 1 
1350 5.139 5.4456 -0.3066 1 
1380 5.204 5.4882 ·-o. 2842 1 
1410 5.262 5.5299 -0.26789 1 
1440 5.327 5.5707 -0.2437 1 
1470 5.399 5.6107 -0.21166 1 
1500 5.457 5.6498 -0.19282 l 
1530 5.515 5.6882 -0.1732 l 
1560 5.587 5.7258 -0.13884 1 
1590 5.645 5.7628 -0.11776 1 
1620 5.702 5.799 -0.09699 l 
1650 5.767 5.8346 -0.067557 1 
1680 5.825 5.8695 -0.044481 1 

( 
1710 5.876 5.9038 -0.027787 1 
1740 5.933 5.9375 -0.0044977 1 
1770 5.984 5.9706 0.013369 1 
1800 6.042 6.0032 0.038793 1 
1830 6.085 6.0352 0.049754 1 



1860 6.135 6.0668 0.068237 1· 
1890 6.179 6.0978 0.081225 1 
1920 6.222 6.1283 0.093699 1 
1950 6.258 6.1584 0.099648 1 
1980 6.294 6.1879 0.10606 1 
2010 6.33 6.2171 0.11291 1 
2040 6.374 6.2458 0.12819 1 
2070 6.403 6.2741 0.1289 1 
2100 6.431 6.302 0.12901 1 
2130 6.46 6.3295 0.13051 1 
2160 6.504 6.3566 0.1474 1 
2190 6.533 6.3833 0.14967 1 
2220 6.561 6.4097 0.1513 1 
2250 6.597 6.4357 0.16128 1 
2280 6.634 6.4614 0.17261 1 
2310 6.67 6.4867 0.18327 1 
2340 6.699 6.5117 0.18726 1 
2370 6.735 6.5364 0.19857 1 
2400 6.771 6.5608 0.21019 1 
2430 6.8 6.5849 0.21511 1 
2460 6.828 6.6087 0.21933 1· 
2490 6.865 6.6322 0.23283 1 
2520 6.893 6.6554 0.23762 1 
2550 6.922 6.6783 0.24368 1 
2580 6.951 6.701 0.25001 1 
2610 6.987 6.7234 0.2636 1 
2640 7.016 6.7455 0.27045 1 
2670 7.038 6.7674 0.27055 1 
2700 7.059 6.7891 0.26989 1 
2730 7.088 6.8105 0.27748 1 
2760 7.117 6.8317 0.28529 1 
2790 7.139 6.8527 0.28634 1 
2820 7.161 6.8734 0.28761 1 
2850 7.189 6.8939 0.2951 1 
2880 7.211 6.9142 0.2968 1 
2910 7.233 6.9343 0.29871 1 
2940 7.254 6.9542 0.29983 1 
2970 7.283 6.9738 0.30916 1 
3000 7.305 6.9933 0.31168 1 
3030 7.341 7.0126 0.32839 1 
3060 7.363 7.0317 0.33129 1 
3090 7.392 7.0506 0.34138 1 
3120 7.413 7.0693 0.34366 1 
3150 7.435 7.0879 0.34711 1 
3180 7.457 7.1063 -0.35074 1 
3210 7.478 7.1245 0.35354 1 
3240 7.5 7.1425 0.35751 1 
3270 7.521 7.1604 0.36064 1 
3300 7.543 7.1781 0.36494 · 1 
3330 7.558 7.1956 0.3624 1 
3360 7.572 7.213 0.35902 1 
3390 7.594 7.2302 0.36379 1 
3420 7.608 7.2473 0.36071 1 
3450 7.623 7.2642 0.35878 1 
3480 7.637 7.281 0.356 1 
3510 7.644 7.2976 0.34636 1 
3540 7.659 7.3141 0.34487 1 
3570 7.666 7.3305 0.33551 1 
3600 7.673 7.3467 0.32629 1 
3630 7.688 7.3628 0.3252 1 



3660 7.695 7.3787 0.31625 1 
3690 7.702 7.3946 0.30743 1 
3720 7.716 7.4103 0.30573 1 
3750 7.731 7.4258 0.30517 1 
3780 7.745 7.4413 0.30372 1 
3810 7.76 7.4566 0.3034 1 
3840 7.767 7.4718 0.2952 1 
3870 7.789 7.4869 0.30211 1 
3900 7.803 7.5019 0.30115 1 
3930 7.81 7.5167 0.29329 1 
3960 7.825 7.5314 0.29355 1 
3990 7.846 7.5461 0.29992 1 
4020 7.868 7.5606 0.30741 1 
4050 7.882 7.575 0.307 1 
4080 7.897 7.5893 0.30769 1 
4110 7.919 7.6035 0.31549 1 
4140 7.94 7.6176 0.32239 1 
4170 7.947 7.6316 0.3154 1 
4200 7.962 7.6455 0.3165 1 
4230 7.976 7.6593 0.31671 1 
4260 7.991 7.673 0.31801 1. 
4290 7.998 7.6866 0.31141 1 
4320 8.005 7.7001 0.3049 1 
4350 8.02 7.7135 0.30649 1 
4380 8.027 7.7268 0.30017 1 
4410 8.034 7.7401 0.29394 1 
4440 8.056 7.7532 0.3028 1 
4470 8.063 7.7663 0.29674 1 
4500 8.07 7.7792 0.29078 1 
4530 9.225 7.7921 1.4329 1 
4560 8.077 7.8049 0.27211 1 
4590 8.092 7.8176 0.2744 1 
4620 8.099 7.8302 0.26877 1 
4650 8.113 7.8428 0.27022 1 
4680 8.128 7.8552 0.27276 1 
4710 8.135 7.8676 0.26737 1 
4740 8.15 7.8799 0.27007 1 
4770 8.15 7.8922 0.25784 1 
4800 8.164 7.9043 0.25969 1 
4830 8.171 ·1.9164 0.25461 1 
4860 8.178 7.9284 0.24961 1 
4890 8.186 7.9403 0.24568 1 
4920 8.193 7.9522 0.24082 1 
4950 8.2 7.964 0.23604 1 
4980 8.207 7.9757 ·0.23133 1 
5010 8.214 7.9873 0.22-669 1 
5040 8.222 7.9989 0.22312 1 
5070 8.222 8.0104 0.21161 1 
5100 8.229 8.0218 0.20718 1 
5130 8.243 8.0332 0.20981 1 
5160 8.258 8.0445 0.21351 1 
5190 8.272 8.0557 0.21627 1 
5220 8.279 8.0669 0 .2121 1 
5250 8.265 8.078 0.18699 1 
5280 8.258 8.0891 0.16895 1 
5310 8.251 8.1 0.15097 1 
5340 8.251 8.111 0.14005 1 
5370 8.258 8 .1218 0.13619 1 
5400 8.272 8.1326 0.13939 1 
5430 8.272 8.1433 0.12865 1 



5460 8.265 8.154 0.11097 1 
5490 8.258 8.1646 0.093352 1 
5520 8.265 8.1752 0.089789 1 
5550 8.287 8.1857 0.10128 1 
5580 8.316 8.1962 0.11983 1 
5610 8.337 8.2066 0.13044 1 
5640 8.344 8.2169 0.1271 1 
5670 8.344 8.2272 0.11682 1 
5700 8.352 8.2374 0.11459 1 
5730 8.359 8.2476 0.11142 1 
5760 8.337 8.2577 0.079297 1 
5790 8.626 8.2678 0.35823 1 
5820 8.323 8.2778 0.045212 1 
5850 8.337 8.2878 0.049247 1 
5880 8.308 8.2977 0.010333 1 
5910 8.301 8.3075 -0.0065314 1 
5940 8.294 8.3173 -0.023345 1 
5970 8.294 8.3271 -0.03311 1 
6000 8.294 8.3368 -0.042826 1 
6030 8.294 8.3465 -0.052493 1 
6060 8.301 8.3561 -0.055112 1. 
6090 8.301 8.3657 -0.064684 1 
6120 8.308 8.3752 -0.067208 1 
6150 8.316 8.3847 -0.068686 1 
6180 8.323 8.3941 -0.071118 1 
6210 8.337 8.4035 -0.066504 1 
6240 8.337 8.4128 -0.075846 1 
6270 8.352 8.4221 -0.070142 1 
6300 8.352 8.4314 -0.079394 1 
6330 8.359 8.4406 -0.081602 1 
6360 8.359 8.4498 -0.090766 1 
6390 8.366 8.4589 -0.092887 1 
6420 8.366 8.468 -0.10197 1 
6450 8.373 8.477 -0.104 1 
6480 8.381 8.486 -0.105 1 
6510 8.381 8.4949 -0.11395 .1 
6540 8.388 8.5039 -0.11586 1 
6570 8.388 8.5127 -0.12473 1 
6600 8.388 8.5216 -0.13356 1 
6630 8.388 8.5304 -0.14235 1 
6660 8.388 8.5391 -0.1511 1 
6690 8.395 8.5478 -0.15281 1 
6720 8.438 8.5565 -0.11849 1 
6750 8.496 8.5651 -0.069121 1 
6780 8.684 8.5737 .0.11028 1 
6810 8.749 8.5823 0.16673 1 
6840 8.64 8.5908 0.049206 1 
6870 8.619 8.5993 0.019724 1 
6900 8.59 8.6077 -0.017721 1 
6930 8.547 8.6161 -0.069131 1 
6960 8.51 8.6245 -0.1145 1 
6990 8.496 8.6328 -0.13684 1 
7020 8.482 8.6411 -0.15914 1 
7050 8.482 8.6494 -0.16741 1 
7080 8.474 8.6576 -0.18364 1 
7110 8.482 8.6658 -0.18383 1 
7140 8.482 8.674 -0.19199 1 
7170 8.482 8.6821 -0.20012 1 
7200 8.46 8.6902 -0.23021 1 
7230 8.409 8.6983 -0.28927 1 



7260 8.409 8.7063 -0.2973 1 
7290 8.395 8.7143 -0.31929 1 
7320 8.409 8.7223 -0.31325 1 
7350 9.11 8.7302 0.37982 1 
7380 9.146 8.7381 0.40793 1 
7410 8.864 8.7459 0.11806 1 
7440 8.727 8.7538 -0.026768 1 
7470 8.698 8.7616 -0.063568 1 
7500 8.691 8.7693 -0.078337 1 
7530 8.698 8.7771 -0.079074 1 
7560 8.727 8.7848 -0.057781 1 
7590 8.749 8.7925 -0.043457 1 
7620 8.734 8.8001 -0.066103 1 
7650 8.727 8.8077 -0.080719 1 
7680 8.713 8.8153 -0.10231 1 
7710 8.691 8.8229 -0.13186 1 
7740 8.785 8.8304 -0.045389 1 
7770 8.879 8.8379 0.041112 1 
7800 8.864 8.8454 0.018643 1 
7830 9.333 8.8528 0.4802 1 
7860 8.879 8.8602 0.018791 1. 
7890 8.944 8.8676 0.076407 1 
7920 8.864 8.8749 -o·. 010949 1 
7950 8.871 8.8823 -0.011277 .1 
7980 8.944 8.8896 0.054422 1 
8010 8.958 8.8969 0.06115 1 
8040 8.922 8.9041 0.017903 1 
8070 9.023 8.9113 0.11168 1 
8100 10.192 8.9185 1.2735 1 

;"~~-...,.,._ 8130 8.879 8.9257 -0.046673 1 

{ 8160 9.037 8.9328 0.10419 1 
8190 8.763 8.9399 -0.17693 1 
8220 8.828 8.947 -o .1190.1 1 
8250 8.857 8.9541 -0.097073 1 
8280 8.871 8.9611 -0.090109 1 
8310 8.864 8.9681 -0.10412 1 
8340 8.886 8.9751 -0.089103 1 
8370 8.857 8.9821 -0.12506 1 
8400 8.857 8.989 -0.132 1 
8430 8.835 8.9959 -0.16091 1 
8460 8.843 9.0028 -0.15979 1 
8490 8.85 9.0097 -0.15965 1 
8520 8.871 9.0165 -0.14549 1 
8550 8.879 9.0233 -0.1443 1 
8580 8.936 9.0301 -0.094093 1 
8610 8.929 9.0369 -0.10786 1 
8640 8.922 9.0436 -0.1216 1 
8670 8.922 9.0503 -0.12832 1 
8700 8.936 9.057 -0.12101 1 
8730 8.972 9.0637 -0.091686 1 
8760 9.052 9.0703 -0.018335 1 
8790 10.142 9.077 1.065 1 
8820 10.351 9.0836 1.2674 1 
8850 8.929 9.0901 -0.16115 1 
8880 8.98 9.0967 -0.11671 1 
8910 9.095 9.1032 -0.0082436 1 

( 8940 10.358 9.1098 1.2482 1 
8970 9.167 9.1163 0.050748 1 
9000 9.276 9.1227 0.15328 1 
9030 9.175 9.1292 0.045826 1 



9060 
9090 
9120 

8.915 
8.936 
9.016 

9.1356 
9.142 

9.1484 

-0.2206 
-0.20601 
-0.1324 

1 
1 
1 

:=~=============================================--=========================== 
RESULTS FROM VISUAL CURVE MATCHING 

'ISUAL MATCH PARAMETER ESTIMATES 

T = 
s = 

Estimate 
l.0896E+001 
l.6547E-004 

<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>> 
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A Q T E S O L V R E S U L T S 
Version 1.10 

17/29/92 16:15:36 

===================--========================================================= 
TEST DESCRIPTION 

lata set ••••••••••• B:\NMW3C_DD.AQT 
lata set title ••••• TAC-lA TEST - DRAWDOWN NMW-3C 

:nowns and Constants: 
No. of data points ••••••••••.••••••• 305 
Pumping rate •••••••••••••.••.••.••••• 401 
Radius {distance) to obs. well •••••• 5997 
Radius of pumped well casing •••••••• 0.5 
Radius of pumped wellbore ••.•••••••• 0.5 

:-======================================================================= 
ANALYTICAL METHOD 

[antush {Leaky Aquifer) 

-====================================================================== 
RESULTS FROM STATISTICAL CURVE MATCHING 

TATISTICAL MATCH PARAMETER ESTIMATES 

T = 
s = 
r/B= 

Estimate 
6.2903E+000 +/-
2.0517E-004 +/-
5.1517E-001 +/-

NALYSIS OF MODEL RESIDUALS 

Std. Error 
2.0979E-001 
2.0547E-006 
2.0816E-002 

·esidual = calculated - observed 
·eighted residual = residual * weight 

•eighted Residual Statistics: 
Number of residuals ••••••••••••••• 305 
Number of estimated parameters •••• 3 
Degrees of freedom •••••••••••••••• 302 
Residual mean .•••••••••••••.•••••• -0.001849 
Residual standard deviation ••••••• 0.2124 
Residual variance .•••••••..••••••• 0.04511 

.,_ Residuals: 

Time Observed Calculated Residual Weight 

------------- ------------- ------------- ------------- -------------
1 0.001 0 0.001 1 

l 



29.998 0.007 2.6767E-005 0.0069732 1 
59.999 0.021 0.0065685 0.014432 1 
89.997 0.05 0.046964 0.0030363 1 

120 0.122 0.13322 -0.011218 1 
150 0.223 0.25724 -0.034245 1 
180 0.368 0.40707 -0.039066 1 
210 0.512 0.57275 -0.060752 1 
240 0.671 0.74714 -0.076145 1 
270 0.837 0.92538 -0.08838 1 
300 1.01 1.1042 -0.094213 1 
330 1.183 1.2815 -0.098489 1 
360 1.349 1.4558 -0.10683 1 
390 1.515 1.6264 -0.11137 1 
420 1.674 1.7926 -0.11857 1 
450 1.833 1.9541 -0.12113 1 
480 1.992 2.1109 -0.11894 1 
510 2.151 2.2629 -0.11194 1 
540 2.302 2.4102 -0.10818 1 
570 2.447 2.5528 -0.10578 1 
600 2.584 2.6908 -0.10683 1 
630 2.728 2.8245 -0.096494 1 
660 2.865. 2.9539 -0.088921 1 
690 2.995 3.0793 -0.084261 1 
720 3.125 3.2007 -0.07568 1 
750 3.248 3.3183 -0.070342 1 
780 3.378 3.4324 -0.054395 1 
810 3.493 3.543 -0.04999 1 
840 3.609 3.6503 -0.041267 1 
870 3.724 3.7544 -0.030365 1 
900 3.84 3.8554 -0.015427 1 

't 930 3.948 3.9536 -0.0055801 1 
960 4.049 4.0489 6.1142E-005 1 
990 4.158 4.1416 0.016381 1 

1020 4.259 4.2317 0.027273 1 
1050 4.352 4.3194 0.032634 1 
1080 4.439 4.4046 0.034364 1 
1110 4.533 4.4876 0.045354 1 
1140 4.612 4.5685 0.04354 1 
1170 4.699 4.6472 0.051829 1 
1200 4.771 4.7239 0.047131 1 
1230 4.858 4.7986 0.059379 1 
1260 4.923 4.8715 0.051503 1 
1290 4.995 4.9426 0.052424 1 
1320 5.067 5.0119 0.055086 1 
1350 5.139 5.0796 0.059427 1 
1380 5.204 5.1456 o. 05·s37g 1 
1410 5.262 5.2101 0.051894 1 
1440 5.327 5.2731 0.053918 1 
1470 5.399 5.3346 0.064393 1 
1500 5.457 5.3947 0.062276 1 
1530 5.515 5.4535 0.061521 1 
1560 5.587 5.5109 0.076077 1 
1590 5.645 5.5671 0.077908 1 
1620 5.702 5.622 0.079972 1 
1650 5.767 5.6758 0.091226 1 
1680 5.825 5.7284 0.096638 1 
1710 5.876 5.7798 0.096171 1 
1740 5.933 5.8302 0.10279 1 
1770 5.984 5.8795 0.10446 1 
1800 6.042 5.9278 0.11415 1 



1830 6.085 5.9752 0.10983 1 
1860 6.135 6.0215 0.11348 1 
1890 6.179 6.0669 0.11206 1 
1920 6.222 6.1115 0.11055 1 
1950 6.258 6.1551 0.10292 1 
1980 6.294 6.1978 0.096152 1 
2010 6.33 6.2398 0.090214 1 
2040 6.374 6.2809 0.093089 1 
2070 6.403 6.3212 0.081755 1 
2100 6.431 6.3608 0.070186 1 
2130 6.46 6.3996 0.060367 1 
2160 6.504 6.4377 0.066272 1 
2190 6.533 6.4751 0.057892 1 
2220 6.561 6.5118 0.049199 1 
2250 6.597 6.5478 0.04918 1 
2280 6.634 6.5832 0.050817 1 
2310 6.67 6.6179 0.052096 1 
2340 6.699 6.652 0.046998 1 
2370 6.735 6.6855 0.049506 1 
2400 6·. 771 6.7184 0.052608 1 
2430 6.8 6.7507 0.049292 1-
2460 . 6. 828 6.7825 0.045538 1 
2490 6.865 6.8137 0.051337 1. 
2520 6.893 6.8443 0.048675 1 
2550 6.922 6.8745 0.047537 1 
2580 6.951 6.9041 0.046915 1 
2610 6.987 6.9332 0.053795 1 
2640 7.016 6.9618 0.054165 1 
2670 7.038 6.99 0.048014 1 
2700 7.059 7.0177 0.041333 1 
2730 7.088 7.0449 0.043109 1 
2760 7.117 7.0717 0.045333 1 
2790 7.139 7.098 0.040997 1 
2820 7.161 7.1239 0.037088 1 
2850 7.189 7.1494 0.039598 1 
2880 7.211 7.1745 0.036518 1 
2910 7.233 7.1992 0.033842 1 
2940 7.254 7.2234 0.030557 1 
2970 7.283 7.2473 0.03566 1 
3000 7.305 7.2709 0.034136 1 
3030 7.341 7.294 0.046983 1 
3060 7.363 7.3168 0.046192 1 
3090 7.392 7.3392 0.052753 1 
3120 7.413 7.3613 0.051661 1 
3150 7.435 7.3831 .0.05191 1 
3180 7.457 7.4045 0.052491 1 
3210 7.478 7.4256 0.052398 1 
3240 7.5 7.4464 0.053626 1 
3270 7.521 7.4668 0.054167 1 
3300 7.543 7.487 0.056015 1 
3330 7.558 7.5068 0.051165 1 
3360 7.572 7.5264 0.04561 1 
3390 7.594 7.5457 0.048345 1 
3420 7.608 7.5646 0.043366 1 
3450 7.623 7.5833 0.039664 1 
3480 7.637 7.6018 0.035236 1 . 
3510 7.644 7.6199 0.024077 1 l 
3540 7.659 7.6378 0.021181 1 
3570 7.666 7.6555 0.010544 1 
3600 7.673 7.6728 0.00016026 1 



3630 7.688 7.69 -0.0019723 1 
3660 7.695 7.7069 -0.011861 1 
3690 7.702 7.7235 -0.02151 1 
3720 7.716 7.7399 -0.023923 1 
3750 7.731 7.7561 -0.025104 1 
3780 7.745 7.7721 -0.027057 1 
3810 7.76 7.7878 -0.027788 1 
3840 7.767 7.8033 -0.036299 1 
3870 7.789 7.8186 -0.029593 1 
3900 7.803 7.8337 -0.030677 1 
3930 7.81 7.8486 -0.038551 1 
3960 7.825 7.8632 -0.038221 1 
3990 7.846 7.8777 -0.031691 1 
4020 7.868 7.892 -0.023963 1 
4050 7.882 7.906 -0.024039 1 
4080 7.897 7.9199 -0.022926 1 
4110 7.919 7.9336 -0.014624 1 
4140 7 .94 · 7.9471 -0.0071375 1 
4170 7.947 7.9605 -0.01347 1 
4200 7.962 7.9736 -0.011625 1 
4230 7.976 7.9866 -0.010602 1. 
4260 7.991 7.9994 -0.0084086 1 
4290 7.998 8.012 -0.014045 1. 
4320 8.005 8.0245 -0.019515 1 
4350 8.02 8.0368 -0.016819 1 
4380 8.02.7 8.049 -0.021962 1 
4410 8.034 8.0609 -0.026946 1 
4440 8.056 8.0728 -0.016774 1 
4470 8.063 8.0844 -0.021448 1 

( 
4500 8.07 8.096 -0.02597 1 
4530 9.225 8.1073 1.1177 1 
4560 8.077 8.1186 -0.041571 1 
4590 8.092 8.1297 -0.037653 1 
4620 8.099 8.1406 -0.041594 1 
4650 8.113 8.1514 -0.038394 1 
4680 8.128 8.1621 -0.034057 1 
4710 8.135 8.1726 ~0.037584 1 
4740 8.15 8.183 -0.032978 1 
4770 8.15 8.1932 -0.04324 1 
4800 8.164 8.2034 -0.039373 1 
4830 8.171 8.2134 -0.042378 1 
4860 8.178 8.2233 -0.045258 1 
4890 8.186 8.233 -0.047014 1 
4920 8.193 8.2426 -0.049649 1 
4950 8.2 8.2522 -0.052164 1 
4980 8.207 8.2616 -0.05450 1 
5010 8.214 8.2708 -0.056841 1 
5040 8.222 8.28 -0.058007 1 
5070 8.222 8.2891 -0.06706 1 
5100 8.229 8.298 -0.069001 1 
5130 8.243 8.3068 -0.063833 1 
5160 8.258 8.3156 -0.057558 1 
5190 8.272 8.3242 -0.052175 1 
5220 8.279 8.3327 -0.053687 1 
5250 8.265 8.3411 -0.076097 1 

( 
5280 8.258 8.3494 -0.091405 1 
5310 8.251 8.3576 -0.10661 1 
5340 8.251 8.3657 -0.11472 1 
5370 8.258 8.3737 -0.11573 1 
5400 8.272 8.3816 -0.10965 1 



5430 8.272 8.3895 -0.11747 1 
5460 8.265 8.3972 -0.13219 1 
5490 8.258 8.4048 -0.14683 1 
5520 8.265 8.4124 -0.14737 1 
5550 8.287 8.4198 -0.13283 1 
5580 8.316 8.4272 -0.11119 1 
5610 8.337 8.4345 -0.097471 1 
5640 8.344 8.4417 -0.097664 1 
5670 8.344 8.4488 -0.10477 1 
5700 8.352 8.4558 -0.1038 1 
5730 8.359 8.4627 -0.10374 1 
5760 8.337 8.4696 -0.1326 1 
5790 8.626 8.4764 0.14961 1 
5820 8.323 8.4831 -0.16009 1 
5850 8.337 8.4897 -0.15271 1 
5880 8.308 8.4963 -0.18826 1 
5910 8.301 8.5027 -0.20173 1 
5940 8.294 8.5091 -0.21513 1 
5970 8.294 8.5155 -0.22146 1 
6000 8.294 8.5217 -0.22771 1 
6030 8.294 8.5279 -0.23389 1 
6060 8.301 8.534 -0.233 1 
6090 8.301 8.54 -0.23903 1 
6120 8.308 8.546 -0.238 1 
6150 8.316 8.5519 -0.23591 1 
6180 8.323 8.5577 -0.23474 1 
6210 8.337 8.5635 -0.22651 1 
6240 8.337 8.5692 -0.23221 1 
6270 8.352 8.5749 -0.22285 1 
6300 8.352 8.5804 -0.22843 1 
6330 8.359 8.5859 -0.22694 1 
6360 8.359 8.5914 -0.23239 1 
6390 8.366 8.5968 -0.23078 1 
6420 8.366 8.6021 -0.23611 1 
6450 8.373 8.6074 -0.23438 1 
6480 8.381 8.6126 -0.23159 1 
6510 8.381 8.6177 -0.23674 1 
6540 8.388 8.6228 -0.23484 1 
6570 8.388 8.6279 -0.23988 1 
6600 8.388 8.6329 -0.24486 1 
6630 8.388 8.6378 -0.24979 1 
6660 8.388 8.6427 -0.25466 1 
6690 8.395 8.6475 -0.25248 1 
6720 8.438 8.6522 -0.21425 1 
6750 8.496 8.657 -0.16096 1 
6780 8.684 8.6616 0.022378 1 
6810 8.749 8.6662 0.082767 1 
6840 8.64 8.6708 -0.030794 1 
6870 8.619 8.6753 -0.056305 1 
6900 8.59 8.6798 -0.089766 1 
6930 8.547 8.6842 -0.13718 1 
6960 8.51 8.6885 -0.17854 1 
6990 8.496 8.6929 -0.19686 1 
7020 8.482 8.6971 -0.21513 1 
7050 8.482 8.7014 -0.21936 1 
7080 8.474 8.7055 -0.23154 1 . 
7110 8.482 8.7097 -0.22767 1 t 
7140 8.482 8.7138 -0.23176 1 
7170 8.482 8.7178 -0.2358 1 
7200 8.46 8.7218 -0.26181 1 



7230 8.409 8.7258 -0.31676 1 
7260 8.409 8.7297 -0.32068 1 
7290 8.395 8.7336 -0.33856 1 
7320 8.409 8.7374 -0.32839 1 

'(' 7350 9.11 8.7412 0.36882 1 \ 

7380 9.146 8.7449 0.40107 1 
7410 8.864 8.7486 0.11535 1 
7440 8.727 8.7523 -0.025318 1 
7470 8.698 8.756 -0.057952 1 
7500 8.691 8.7595 -0.068547 l. 
7530 8.698 8.7631 -0.0651.05 l. 
7560 8.727 8.7666 -0.039624 l. 
7590 8.749 8.7701 -0.021.1.07 l. 
7620 8.734 8.7736 -0.039553 l. 
7650 8.727 8.777 -0.049962 1 
7680 8. 713 8.7803 -0.067336 l. 
7710 8.691 8.7837 -0.092675 l. 
7740 8.785 8.787 -0.0019778 l. 
7770 8.879 8.7902 0.088753 l. 
7800 8.864 8.7935 0.07051.8 1 
7830 9.333 8.7967 0.53632 l. . 
7860 8.879 8.7999 0.07915 1 
7890 8.944 8.803 0.14102 .1 
7920 8.864 8.8061 0.05791.3 l. 
7950 8.871. 8.8092 0.061.843 l. 
7980 8.944 8.8122 0.131.8 l. 
8010 8.958 8.8152 0.1428 1 
8040 8.922 8.8182 0.10382 1 
8070 9.023 8.8211 0.201.88 1 

,,,.ff.>~ 8100 l.0.192 8.824 l..368 1 

{ 8130 8.879 8.8269 0.052079 l. 
8160 9.037 8.8298 0.20722 1 
8190 8.763 8.8326 -0.069601. 1 
8220 8.828 8.8354 -0.007397 1 
8250 8.857 8.8382 0.018835 l. 
8280 8.871. 8.8409 0.030096 l. 
8310 8.864 8.8436 0.020385 l. 
8340 8.886 8.8463 0.039701 1 
8370 8.857 8.849 0.0080447 l. 
8400 8.857 8.851.6 0.00541.56 l. 
8430 8.835 8.8542 -0.01.9187 l. 
8460 8.843 8.8568 -0.01.3763 l. 
8490 8.85 8.8593 -0.0093124 1 
8520 8.871. 8.8618 0.0091639 1 
8550 8.879 8.8643 0.014666 1 
8580 8.936 8.8668 0.069193 1 
8610 8.929 8.8693 0.059745 1 
8640 8.922 8.8717 0.050322 1 
8670 8.922 8.8741. 0.047923 1 
8700 8.936 8.8765 0.059548 l. 
8730 8.972 8.8788 0.0931.97 l. 
8760 9.052 8.8811. 0.l.7087 1 
8790 10.1.42 8.8834 1.2586 1 
8820 10.351 8.8857 1.4653 l. 
8850 8.929 8.888 0.041028 1 
8880 8.98 8.8902 0.089793 1 
8910 9.095 8.8924 0.20258 l. 
8940 10.358 8.8946 l..4634 l. 
8970 9.167 8.8968 0.27022 1 
9.000 9.276 8.8989 0.37707 l. 



9030 
9060 
9090 
9120 

9.175 
8.915 
8.936 
9.016 

8.9011 
8.9032 
8.9052 
8.9073 

0.27395 
0.011844 

0.03076 
0.1087 

1 
1 
1 
1 

--============-===-----=-==-----============================================== 
RESULTS FROM VISUAL CURVE MATCHING 

ISUAL MATCH PARAMETER ESTIMATES 

T = 
s = 
r/B= 

Estimate 
6.2903E+000 
2.0517E-004 
5.1517E-001 

<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>> 
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A Q T E S O L V R E S U L T S 
Version 1.10 

7/30/92 11:00:00 

============================================================================= 
TEST DESCRIPTION 

ata set ••••••••••• nmw3c_dd.aqt 
ata set title ••••• TAC-lA TEST - DRAWDOWN NMW-3C 

nowns and Constants: 
No. of data points .••••••••••••••••• 305 
Pumping rate. . . . . . . . . . . . . .. . . . . . . . . . . 4 O 1 
Radius (distance) to obs. well .••••• 5997 
Radius of pumped well casing ••••.••• 0.5 
Radius of pumped wellbore ••••••••••• 0.5 

=============================================================================== 
ANALYTICAL METHOD 

antush (Leaky Aquifer) 

~ ·================================================ .========================= 
RESULTS FROM STATISTICAL CURVE MATCHING 

rATISTICAL MATCH PARAMETER ESTIMATES 

T = 
s = 
13 = 

Estimate 
9.1307E+000 +/-
1.3183E-004 +/-
9.0826E-002 +/-

~ALYSIS OF MODEL RESIDUALS 

Std. Error 
9.9667E+000 
1.1609E-004 
4.0414E-001 

esidual = calculated - observed 
eighted residual= residual* weight 

eighted Residual Statistics: 
Number of residuals •..•••••.•••••• 305 
Number of estimated parameters •••• 3 
Degrees of freedom •••••••••••••••• 302 
Residual mean ••••••••••••••••••••• -0.01333 
Residual standard deviation ••••••• 0.3599 
Residual variance ••.•••••.•••••••• 0.1296 

. Residuals: 

Time Observed Calculated Residual Weight 
------------- ------------- ------------- ------------- -------------

1 0.001 -1.3711E-010 0.001 1 

' 

L 



29.998 0.007 0.007289 -0.00028899 1 
59.999 0.021 0.1127 -0.091697 1 
89.997 0.05 0.31293 -0.26293 1 

120 0.122 0.54809 -0.42609 1 
150 0.223 0.78816 -0.56516 1 
180 0.368 1.0212 -0.65319 1 
210 0.512 1.243 -0.73099 1 
240 0.671 1.4522 -0.78122 1 
270 0.837 1.649 -0.81203 1 
300 1.01 1.8341 -0.82412 1 
330 1.183 2.0084 -0.82537 1 
360 1.349 2.1727 -0.82369 1 
390 1.515 2.328 -0.81298 1 
420 1.674 2.475 -0.80101 1 
450 1.833 2.6145 -0.78153 1 
480 1.992 2.7472 -0.75519 1 
510 2.151 2.8736 -0.72256 1 
540 2.302 2.9942 -0.69217 1 
570 2.447 3.1095 -0.66249 1 
600 2.584 3.2199 -0.63592 1 
630 2.728 3.3258 -0.59784 1-
660 2.865 3.4276 -0.56257 1 
690 2.995 3.5254 -0.53042 1 
720 3.125 3.6197 -0.49465 1 
750 3.248 3.7105 -0.46251 1 
780 3.378 3.7982 -0.42023 1 
810 3.493 3.883 -0.38999 1 
840 3.609 3.965 -0.35597 1 
870 3.724 4.0443 -0.32035 1 

,,....,«,,·.-..,, 900 3.84 4.1213 -0.28128 1 
( 930 3.948 4.1959 -0.2479 1 

960 4.049 4.2683 -0.21934 1 
990 4.158 4.3387 -0.18071 1 

1020 4.259 4.4071 -0.14812 1 
1050 4.352 4.4737 -0.12168 1 
1080 4.439 4.5385 -0.09948 1 
1110 4.533 4.6016 -0.068601 1 
1140 4.612 4.6631 -0.051128 1 
1170 4.699 4.7231 -0.024135 1 
1200 4.771 4.7817 -0.010693 1 
1230 4.858 4.8389 0.019134 1 
1260 4.923 4.8947 0.028285 1 
1290 4.995 4.9493 0.045701 1 
1320 5.067 5.0027 0.06433 1 
1350 5.139 5.0549 0.084121 1 
1380 5.204 5.106 0.098027 1 
1410 5.262 5.156 0.106 1 
1440 5.327 5.205 0.12201 1 
1470 5.399 5.253 0.146 1 
1500 5.457 5.3001 0.15694 1 
1530 5.515 5.3462 0.1688 1 
1560 5.587 5.3915 0.19555 1 
1590 5.645 5.4359 0.20914 1 
1620 5.702 5.4794 0.22255 1 
1650 5.767 5.5222 0.24476 1 
1680 5.825 5.5643 0.26073 1 
1710 5.876 5.6056 0.27044 1 
1740 5.933 5.6461 0.28687 1 
1770 5.984 5.686 0.29798 1 
1800 6.042 5.7252 0.31677 1 



1830 6.085 5.7638 0.32121 1 
1860 6.135 5.8017 0.33327 1 
1890 6.179 5.8391 0.33994 1 
1920 6.222 5.8758 0.3462 1 
1950 6.258 5.912 0.34604 1 
1980 6.294 5.9476 0.34643 1 
2010 6.33 5.9826 0.34736 1 
2040 6.374 6.0172 0.35681 1 
2070 6.403 6.0512 0.35178 1 
2100 6.431 6.0848 0.34624 1 
2130 6.46 6.1178 0.34218 1 
2160 6.504 6.1504 0.35359 1 
2190 6.533 6.1825 0.35046 1 
2220 6.561 6.2142 0.34677 1 
2250 6.597 6.2455 0.35151 1 
2280 6.634 6.2763 0.35768 1 
2310 6.67 6.3067 0.36325 1 
2340 6. 699. 6.3368 0.36223 1 
2370 6.735 6.3664 0.36859 1 
2400 6.771 6.3957 0.37534 1 
2430 6.8 6.4245 0.37546 1· 
2460 6.828 6.4531 0.37494 1 
2490 6.865 6.4812 0.38377 1 
2520 6.893 6.509 0.38395 1 
2550 6.922 6.5365 0.38547 1 
2580 6.951 6.5637 0.38732 1 
2610 6.987 6.5905 0.39649 1 
2640 7.016 6.617 0.39897 1 
2670 7.038 6.6432 0.39476 1 
2700 7.059 6.6691 0.38986 1 
2730 7.088 6.6948 0.39325 1 
2760 7.117 6.7201 0.39692 1 
2790 7.139 6.7451 0.39388 1 
2820 7.161 6.7699 0.39112 1 
2850 7.189 6.7944 0.39462 1 
2880 7.211 6.8186 0.3924 1 
2910 7.233 6.8426 0.39043 1 
2940 7.254 6.8663 0.38771 1 
2970 7.283 6.8898 0.39324 1 
3000 7.305 6.913 0.39202 1 
3030 7.341 6.936 0.40504 1 
3060 7.363 6.9587 0.40429 1 
3090 7 .• 392 6.9812 0.41077 1 
3120 7.413 7.0035 0.40948 1 
3150 7.435 7.0256 0.40941 1 
3180 7.457 7.0474 0.40955 1 
3210 7.478 7.0691 0.40891 1 
3240 7.5 1:0905 0.40948 1 
3270 7.521 7.1118 0.40925 1 
3300 7.543 7.1328 0.41022 1 
3330 7.558 7.1536 0.4044 1 
3360 7.572 7.1742 0.39776 1 
3390 7.594 7.1947 0.39932 1 
3420 7.608 7.2149 0.39307 1 
3450 7.623 7.235 0.388 1 
3480 7.637 7.2549 0.38211 1 

l. 3510 7.644 7.2746 0.36939 1 
3540 7.659 7.2941 0.36486 1 
3570 7.666 7.3135 0.35249 1 
3600 7.673 7.3327 0.3403 1 



3630 7.688 7.3517 0.33627 1 
3660 7.695 7.3706 0.3244 1 
3690 7.702 7.3893 0.3127 1 
3720 7.716 7.4078 0.30815 1 
3750 7.731 7.4262 0.30476 1 
3780 7.745 7.4445 0.30053 1 
3810 7.76 7.4626 0.29744 1 
3840 7.767 7.4805 0.2865 1 
3870 7.789 7.4983 0.29071 1 
3900 7.803 7.5159 0.28706 1 
3930 7.81 7.5334 0.27656 1 
3960 7.825 7.5508 0.27419 1 
3990 7.846 7.568 0.27796 1 
4020 7.868 7.5851 0.28286 1 
4050 7.882 7.6021 0.2799 1 
4080 7.897 7.6189 0.27807 1 
4110 7.919 7.6356 0.28337 1 
4140 7.94 7.6522 0.2878 1 
4170 7.947 7.6686 0.27835 1 
4200 7.962 7.685 0.27703 1 
4230 7.976 7.7012 0.27483 1-
4260 7.991 7.7173 0.27375 1 
4290 7.998 7.7332 0.26478 1 
4320 8.005 7.7491 0.25594 1 
4350 8.02 7.7648 0.25521 1 
4380 8.027 7.7804 0.24659 1 
4410 8.034 7.7959 0.23809 1 
4440 8.056 7.8113 0.24469 1 
4470 8.063 7.8266 0.23641 1 
4500 8.07 7.8418 0.22823 1 
4530 9.225 7.8568 1.3682 1 
4560 8.077 7.8718 0.20519 1 
4590 8.092 7.8867 0.20533 1 
4620 8.099 7.9014 0.19757 1 
4650 8.113 7.9161 0.1969 1 
4680 8.128 7.9307 0.19734 1 
4710 8.135 7.9451 0.18988 1 
4740 8.15 7.9595 0.19051 1 
4770 8.15 7.9738 0.17624 1 
4800 8.164 7.9879 0.17607 1 
4830 8.171 8.002 0.16898 1 
4860 8.178 8.016 0.16199 1 
4890 8.186 8.0299 0.15609 1 
4920 8.193 8.0437 0.14928 1 
4950 8.2 8.0574 · 0.14255 1 
4980 8.207 8.0711 0.13592 1 
5010 8.214 8.0846 0.12937 1 
5040 8.222 8.0981 0.12391 1 
5070 8.222 8.1115 0.11053 1 
5100 8.229 8.1248 0.10423 1 
5130 8.243 8.138 0.10502 1 
5160 8.258 8.1511 0.10689 1 
5190 8.272 8.1642 0.10784 1 
5220 8.279 8.1771 0.10186 1 
5250 8.265 8.19 0.074971 1 
5280 8.258 8.2028 0.055155 1 
5310 8.251 8.2156 0.035416 1 
5340 8.251 8.2282 0.022753 1 
5370 8.258 8.2408 0.017165 1 
5400 8.272 8.2533 0.018651 1 



5430 8.272 8.2658 0.0062105 1 
5460 8.265 8.2782 -0.013158 1 
5490 8.258 8.2905 -0.032454 1 
5520 8.265 8.3027 -0.03768 1 
5550 8.287 8.3148 -0.027835 1 
5580 8.316 8.3269 -0.010921 1 
5610 8.337 8.3389 -0.0019389 1 
5640 8.344 8.3509 -0.0068886 1 
5670 8.344 8.3628 -0.018771 1 
5700 8.352 8.3746 -0.022587 1 
5730 8.359 8.3863 -0.027338 1 
5760 8.337 8.398 -0.061023 1 
5790 8.626 8.4096 0.21636 1 
5820 8.323 8.4212 -0.098202 1 
5850 8.337 8.4327 -0.095697 1 
5880 8.308 8.4441 -0.13613 1 
5910 8.301 8.4555 -0.1545 1 
5940 8.294 8.4668 -0.17281 1 
5970 8.294 8.4781 -0.18406 1 
6000 8.294 8.4892 -0.19525 1 
6030 8.294 8.5004 -0.20638 1 
6060 8.301 8.5115 -0.21045 1 
6090 8.301 8.5225 -0.22147 1 
6120 8.308 8.5334 -0.22542 1 
6150 8.316 8.5443 -0.22832 1 
6180 8.323 8.5552 -0.23217 1 
6210 8.337 8.566 -0.22895 1 
6240 8.337 8.5767 -0.23969 1 
6270 8.352 8.5874 -0.23536 1 
6300 8.352 8.598 -0.24599 1 
6330 8.359 8.6086 -0.24956 1 
6360 8.359 8.6191 -0.26008 1 
6390 8.366 8.6295 -0.26354 1 
6420 8.366 8.64 -0.27395 1 
6450 8.373 8.6503 -0.27731 1 
6480 8.381 8.6606 -0.27963 1 
6510 8.381 8.6709 -0.28989 1 
6540 8.388 8.6811 -0.29309 1 
6570 8.388 8.6913 -0.30326 1 
6600 8.388 8.7014 -0.31337 1 
6630 8.388 8.7114 -0.32343 1 
6660 8.388 8.7214 -0.33344 1 
6690 8.395 8.7314 -0.33641 1 
6720 8.438 8.7413 -0.30333 1 
6750 8.496 8.7512 · -0.2552 1 
6780 8.684 8.761 -0.077'025 1 
6810 8.749 8.7708 -0.021805 1 
6840 8.64 8.7805 -0.14054 1 
6870 8.619 8.7902 -0.17123 1 
6900 8.59 8.7999 -0.20987 1 
6930 8.547 8.8095 -0.26247 1 
6960 8.51 8.819 -0.30903 1 
6990 8.496 8.8285 -0.33254 1 
7020 8.482 8.838 -0.356 1 
7050 8.482 8.8474 -0.36543 1 
7080 8.474 8.8568 -0.38281 1 

(_ 7110 8.482 8.8662 -0.38415 1 
7140 8.482 8.8755 -0.39345 1 
7170 8.482 8.8847 -0.40271 1 
7200 8.46 8.8939 -0.43393 1 



7230 8.409 8.9031 -0.4941 1 
7260 8.409 8.9122 -0.50324 1 
7290 8.395 8.9213 -0.52633 1 
7320 8.409 8.9304 -0.52139 1 
7350 9.11 8.9394 0.1706 1 
7380 9.146 8.9484 0.19762 1 
7410 8.864 8.9573 -0.093319 1 
7440 8.727 8.9662 -0.23922 1 
7470 8.698 8.9751 -0.27708 1 
7500 8.691 8.9839 -0.2929 1 
7530 8.698 8.9927 -0.29469 1 
7560 8.727 9.0014 -0.27444 1 
7590 8.749 9.0102 -0.26115 1 
7620 8.734 9.0188 -0.28483 1 
7650 8.727 9.0275 -0.30047 1 
7680 8.713 9.0361 -0.32307 1 
7710 8.691 9.0446 -0.35364 1 
7740 8.785 9.0532 -0.26817 1 
7770 8.879 9.0617 -0.18267 1 
7800 8.864 9.0701 -0.20613 1 
7830 9.333 9.0786 0.25444 1-
7860 8.879 9.087 -0.20795 1 
7890 8.944 9.0953 -0.15131 1 
7920 8.864 9.1036 -0.23964 1 
7950 8.871 9.1119 -0.24093 1 
7980 8.944 9.1202 -0.17619 1 
8010 8.958 9.1284 -0.17042 1 
8040 8.922 9.1366 -0.21461 1 
8070 9.023 9.1448 -0.12177 1 
8100 10.192 9.1529 1.0391 1 

"'~ ~ 

8.879 9.161 -0.282 ( 8130 1 
"· 8160 9.037 9.1691 -0.13206 1 

8190 8.763 9.1771 -0.4141 1 
8220 8.828 9.1851 -0.3571 1 
8250 8.857 9.1931 -0.33607 1 
8280 8.871 9.201 -0.33001 1 
8310 8.864 9.2089 -0.34492 1 
8340 8.886 9.2168 -0.3308 1 
8370 8.857 9.2247 -0.36765 1 
8400 8.857 9.2325 -0.37547 1 
8430 8.835 9.2403 -0.40526 1 
8460 8.843 9.248 -0.40502 1 
8490 8.85 9.2558 -0.40575 1 
8520 8.871 9.2635 -0.39245 1 
8550 8.879 9.2711 -0.39213 1 
8580 8.936 9.2788 -o. 34-2-77 1 
8610 8.929 9.2864 -0.35739 1 
8640 8.922 9.294 -0.37198 1 
8670 8.922 9.3015 -0.37954 1 
8700 8.936 9.3091 -0.37307 1 
8730 8.972 9.3166 -0.34457 1 
8760 9.052 9.324 -0.27205 1 
8790 10.142 9.3315 0.8105 1 
8820 10.351 9.3389 1.0121 1 
8850 8.929 9.3463 -0.41732 1 
8880 8.98 9.3537 -0.37369 1 
8910 9.095 9.361 -0.26603 1 
8940 10.358 9.3683 0.98965 1 
8970 9.167 9.3756 -0.20864 1 
9000 9.276 9.3829 -0.1069 1 



9030 
9060 
9090 
9120 

9.175 
8.915 
8.936 
9.016 

9.3901 
9.3974 
9.4045 
9.4117 

-0.21514 
-0.48235 
-0.46854 
-0.3957 

1 
1 
1 
1 

--==================-======-----============================================ 
RESULTS FROM VISUAL CURVE MATCHING 

ISUAL MATCH PARAMETER ESTIMATES 

T = 
s = 
p = 

Estimate 
7.5591E+000 
l.9408E-004 
9.0826E-002 

<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>> 
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Version 1.10 
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===------------------------------------=------============================= 
TEST DESCRIPTION 

ata set .•••••••••• B:\RECNMW3C.AQT 
ata set title ••••. TAC-lA TEST - RECOVERY NMW-3C 

nowns and Constants: 
No. of data points ••••••••..•••••••• 251 
Pumping rate ••••••.••••••.•..••••••• 401 
Total pumping time .•• _ • • • • • • . • • • • • • • • 5997 

ANALYTICAL METHOD 

heis Recovery (Confined Aquifer) 

================================================================================ 
RESULTS FROM STATISTICAL CURVE MATCHING 

TATISTICAL MATCH PARAMETER ESTIMATES 

T = 
S' = 

Estimate 
1.2198E+001 +/-
1.8024E+000 +/-

~ALYSIS OF MODEL RESIDUALS 

Std. Error 
1.4994E-001 
2.1655E-002 

esidual = calculated - observed 
eighted residual= residual* weight 

eighted Residual Statistics: 
Number of residuals ••••.•••.•.•..• 251 
Number of estimated parameters .••• 2 
Degrees of freedom •••••••••....••• 249 
Residual mean •••••••.•••••••...••• -1.87E-0ll 
Residual standard deviation ••.•••• 0.3796 
Residual variance ••••.•••...•....• 0.1441 

:>del Residuals: 

Time 

30 .. 001 
60.001 

90 
120 

Observed 

8.554 
8.453 
8.316 
8.164 

Calculated 

12.334 
10.533 

9.485 
8.7451 

Residual 

-3.7796 
-2.08 

-1.169 
-0.58114 

Weight 

1 
1 
1 
1 

l 



150 8.005 8.1741 -0.16907 1 
180 7.832 7.7098 0.12223 1 

,-£''"'\ 210 7.644 7.3191 0.32491 1 , . 
240 7.4 6.9823 0.41769 \(_,,_' 1 
270 7.283 6.6867 0. 596'31 1 
300 7.103 6.4235 0.67951 1 
330 6.964 6.1865 0.77745 1 
360 6.757 5.9713 0.78574 1 
390 6.59 5.7741 0.81587 1 
420 6.424 5.5925 0.83151 1 
450 6.266 5.4242 0.84183 1 
480 6.107 5.2674 0.83956 1 
510 5.97 5.1209 0.84909 1 
540 5.818 4.9834 0.83461 1 
570 5.681 4.8539 0.82711 1 
600 5.537 4.7316 0.80539 1 
630 5.407 4.6158 0.79118 1 
660 5.269 4.5059 0.76309 1 
690 5.14 4.4014 0.73864 1 
720 5.002 4.3017 0.70029 1 
750 4.88 4.2066 0.67343 1· 
780 4.75 4.1156 0.63445 1 
810 4.627 4.0284 0.59864 1 
840 4.504 3.9447 0.55929 1 
870 4.389 3.8643 0.52466 1 
900 4.273 3.787 0.48595 1 
930 4.158 3.7126 0.4454 1 
960 4.057 3.6408 0.41616 1 
990 3.956 3.5716 0.38442 1 

1020 3.847 3.5047 0.34232 1 
,( 1050 3.761 3.44 0.321 1 

1080 3.674 3.3774 0.2966 1 
1110 3.595 3.3168 0.27822 1 
1140 3.515 3.258 0.25698 1 
1170 3.436 3.201 0.23497 1 
1200 3.378 3.1457 0.23229 1 
1230 3.306 3.092 0.21401 1 
1260 3.234 3.0398 0.19423 1 
1290 3.169 2.989 0.18 1 
1320 3.097 2.9396 0.15741 1 
1350 3.032 2.8915 0.1405 1 
1380 2.967 2.8447 0.12235 1 
1410 2.902 2.799 0.103 1 
1440 2.844 2.7545 0.089513 1 
1470 2.793 2.7111 0.081932 1 
1500 2.728 2.6687 0.059302 1 
1530 2.671 2.6273 0.043667 1 
1560 2.627 2.5869 0.040068 1 
1590 2.548 2.5475 0.00054247 1 
1620 2.49 2.5089 -0.018874 1 
1650 2.44 2.4711 -0.031147 1 
1680 2.404 2.4342 -0.030246 1 
1710 2.346 2.3981 -0.052139 1 
1740 2.295 2.3628 -0.067797 1 
1770 2.245 2.3282 -0.083194 1 
1800 2.209 2.2943 -0.085304 1 

-,___ 1830 2.165 2.2611 -0.096103 1 
1860 2.122 2.2286 -0.10657 1 
1890 2.093 2.1967 -0.10367 1 
1920 2.057 2.1654 -0.1084 1 



1950 2.028 2.1347 -0.10673 1 
1980 1.992 2.1046 -0.11264 1 
2010 1.963 2.0751 -0.11211 1 
2040 1.934 2.0461 -0.11213 1 
2070 1.906 2.0177 -0.11168 1 
2100 1.869 1.9897 -0.12075 1 
2130 1.848 1.9623 -0.11431 1 
2160 1.804 1.9354 -0.13135 1 
2190 1.768 1.9089 -0.14087 1 
2220 1.732 1.8828 -0.15084 1 
2250 1.703 1.8572 -0.15425 1 
2280 1.66 1.8321 -0.17209 1 
2310 1.617 1.8074 -0.19036 1 
2340 1.573 1.783 -0.21003 1 
2370 1.545 1.7591 -0.21409 1 
2400 1.508 1.7355 -0.22754 1 
2430 1.472 1.7124 -0.24037 1 
2460 1.436 1.6896 -0.25356 1 
2490 1.415 1.6671 -0.25211 1 
2520 1.386 1.645 -0.25901 1 
2550 1.357 1.6232 -0.26624 1· 
2580 1.342 1.6018 -0.25981 1 
2610 1.328 1.5807 -0.25269 1 
2640 1.314 1.5599 -0.24589 1 
2670 1.292 1.5394 -0.2474 1 
2700 1.285 1.5192 -0.23421 1 
2730 1.27 1.4993 -0.2293 1 
2760 1.624 1.4797 0.14431 1 
2790 1.588 1.4603 0.12765 1 
2820 1.559 1.4413 0.11772 1 
2850 1.516 1.4225 0.09352 1 
2880 1.472 1.4039 0.068061 1 
2910 1.444 1.3857 0.058348 1 
2940 1.415 1.3676 0.047387 1 
2970 1.386 1.3498 0.036182 1 
3000 1.35 1.3323 0.01774 1 
3030 1.306 1.3149 -0.0089341 1 
3060 1.277 1.2978 -0.020836 1 
3090 1.234 1.281 -0.046961 1 
3120 1.191 1.2643 -0.073304 1 
3150 1.14 1.2479 -0.10786 1 
3180 1.126 1.2316 -0.10563 1 
3210 1.083 1.2156 -0.1326 1 
3240 1.054 1.1998 -0.14577 1 
3270 1.032 1.1841 -0.15214 1 
3300 1.025 1.1687 -0.1437 1 
3330 1.018 1.1534 -0.13545 1 
3360 1.01 1.1384 -0.12838 1 
3390 1.01 1.1235 -0.1135 1 
3420 1.01 1.1088 -0.098797 1 
3450 1.003 1.0943 -0.091267 1 
3480 0.996 1.0799 -0.083908 1 
3510 0.996 1.0657 -0.069718 1 
3540 0.996 1.0517 -0.055693 1 
3570 0.982 1.0378 -0.05583 1 ...... , 

3600 0.974 1.0241 -0.050126 1 · .. 
3630 0.953 1.0106 -0.057578 1 \_ 
3660 0.953 0.99718 -0.044184 1 
3690 0.931 0.98394 -0.05294 1 
3720 0.909 0.97084 -0.061844 1 



3750 0.888 0.95789 -0.069893 1 
3780 0.873 0.94508 -0.072085 1 
3810 0.844 0.93242 -0.088417 1 
3840 0.83 0.91989 -0.089886 1 
3870 0.808 0.90749 -0.099491 1 
3900 0.794 0.89523 -0.10123 1 
3930 0.779 0.8831 -0.1041 1 
3960 0.772 0.8711 -0.099096 1 
3990 0.765 0.85922 -0.09422 1 
4020 0.758 0.84747 -0.089468 1 
4050 0.758 0.83584 -0.077839 1 
4080 0.758 0.82433 -0.066329 1 
4110 0.758 0.81294 -0.054939 1 
4140 0.758 0.80166 -0.043664 1 
4170 0.758 0.7905 -0.032504 1 
4200 0.758 0.77946 -0.021456 1 
4230 o. 888. 0.76852 0.11948 1 
4260 0.808 0.75769 0.050308 1 
4290 0.787 0.74697 0.040028 1 
4320 0.765 0.73636 0.028642 1 
4350 0.758 0.72585 0.032153 1· 
4380 0.736 0.71544 0. 02056-1 1 
4410 0.714 0.70513 0.0088676 1 
4440 0.693 0.69492 -0.0019247 1 
4470 0.664 0.68481 -0.020815 1 
4500 0.642 0.6748 -0.032801 1 
4530 0.613 0.66488 -0.051883 1 
4560 0.584 0.65506 -0.071058 1 
4590 0.556 0.64532 -0.089325 1 
4620 0.527 0.63568 -0.10868 1 
4650 0.505 0.62613 -0.12113 1 
4680 0.491 0.61667 -0.12567 1 
4710 0.476 0.60729 -0.13129 1 
4740 0.469 0.598 -0.129 1 
4770 0.455 0.58879 -0.13379 1 
4800 0.455 0.57966 -0.12466 1 
4830 0.455 0.57062 -0.11562 1-
4860 0.447 0.56166 -0.11466 1 
4890 0.447 0.55278 -0.10578 1 
4920 0.447 0.54397 -0.096974 1 
4950 0.447 0.53525 -0.088248 1 
4980 0.447 0.5266 -0.079599 1 
5010 0.447 0.51803 -0.071025 1 
5040 0.447 0.50953 -0.062526 1 
5070 0.433 0.5011 -0.0681 1 
5100 0.426 0.49275 -0.066746 1 
5130 0.411 0.48446 -0.073464 1 
5160 0.404 0.47625 -0.072252 1 
5190 0.39 0.46811 -0.078109 1 
5220 0.375 0.46004 -0.085036 1 
5250 0.361 0.45203 -0.09103 1 
5280 0.346 0.44409 -0.09809 1 
5310 0.332 0.43622 -0.10422 1 
5340 0.317 0.42841 -0.11141 1 
5370 0.31 0.42067 -0.11067 1 

I 
5400 0.296 0.41298 -0.11698 1 

\ 5430 0.289 0.40537 -0.11637 1 
5460 0.281 0.39781 -0.11681 1 
5490 0.281 0.39032 -0.10932 1 
5520 0.281 0.38288 -0.10188 1 



5550 0.289 0.37551 -0.086506 1 
5580 0.289 0.36819 -0.07919 1 
5610 0.296 0.36093 -0.064932 1 
5640 0.296 0.35373 -0.057731 1 r=" 5670 0.303 0.34659 -0.043587 1 
5700 0.296 0.3395 -0.043498 1 
5730 0.303 0.33247 -0.029465 1 
5760 0.303 0.32549 -0.022487 1 
5790 0.296 0.31856 -0.022562 1 
5820 0.289 0.31169 -0.022691 1 
5850 0.289 0.30487 -0.015873 1 
5880 0.274 0.29811 -0.024106 1 
5910 0.26 0.29139 -0.031391 1 
5940 0.26 0.28473 -0.024727 1 
5970 0.231 0.27811 -0.047113 1 
6000 0.209 0.27155 -0.062548 1 
6030 0.187 0.26503 -0.078033 1 
6060 0.18 0.25857 -0.078566 1 
6090 0.166 0.25215 -0.086147 1 
6120 0.166 0.24578 -0.079775 1 
6150 0.13 0.23945 -0.10945 1· 
6180 0.137 0.23317 -0.096172 1 
6210 0.122 0.22694 -0.10494 1 
6240 0.115 0.22075 -0.10575 1 
6270 0.115 0.21461 -0.09961 1 
6300 0.122 0.20851 -0.086511 1 
6330 0.115 0.20246 -0.087457 1 
6360 0.115 0.19645 -0.081445 1 
6390 0.122 0.19048 -0.068477 1 
6420 0.13 0.18455 -0.05455 1 
6450 0.13 0.17867 -0.048666 1 
6480 0.13 0.17282 -0.042823 1 
6510 0.13 0.16702 -0.037021 1 
6540 0.13 0.16126 -0.03126 1 
6570 0.122 0.15554 -0.033538 1 
6600 0.115 0.14986 -0.034856 1 
6630 0.115 0.14421 -0.029214 1 
6660 0.101 0.13861 -0.03761 1 
6690 0.086 0.13304 -0.047045 1 
6720 0.079 0.12752 -0.048517 1 
6750 0.065 0.12203 -0.057028 1 
6780 0.058 0.11657 -0.058575 1 
6810 0.043 0.11116 -0.068159 1 
6840 0.043 0.10578 -0.06278 1 
6870 0.036 0.10044 -0.064436 1 
6900 0.029 0.095129 -0.066129 1 
6930 0.029 0.089856 -0.060856 1 
6960 0.043 0.084619 -0.041619 1 
6990 0.043 0.079416 -0.036416 1 
7020 0.05 0.074248 -0.024248 1 
7050 0.058 0.069113 -0.011113 1 
7080 0.072 0.064012 0.0079881 1 
7110 0.072 0.058944 0.013056 1 
7140 0.079 0.053909 0.025091 1 
7170 0.086 0.048906 0.037094 1 
7200 0.094 0.043936 0.050064 1 l 7230 0.094 0.038998 0.055002 1 
7260 0.101 0.034091 0.066909 1 
7290 0.101 0.029215 0.071785 1 
7320 0.094 0.024371 0.069629 1 



7350 0.079 0.019557 0.059443 
7380 0.072 0.014773 0.057227 
7410 0.065 0.01002 0.05498 
7440 0.05 0.0052965 0.044704 
7470 0.036 0.00060232 0.035398 
7500 0.021 -0.0040626 0.025063 
7530 0.014 -0.0086986 0.022699 

RESULTS FROM VISUAL CURVE MATCHING 

ISUAL MATCH PARAMETER ESTIMATES 

T = 
s' = 

Estimate 
l.0296E+001 
l.8261E+OOO 

1 
1 
1 
1 
1 
1 
1 

<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>> 
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================------=============================================== 
TEST DESCRIPTION 

ata set ..•.••••... b:\ddnmw-Sc.aqt 
ata set title ••••• TAC-lA TEST - DRAWDOWN NMW-SC 

nowns and Constants: 
No. of data points •••••.•••••.•••.•• 278 
Pumping rate ......................... 401 
Radius (distance) to obs. well .••••• 8831 
Radius of pumped well casing •...•.•• o.s 
Radius of pumped wellbore ••...•.•.•• 0.5 

=================================================================-= 
ANALYTICAL METHOD 

heis (Confined Aquifer) 

- ------------------------------------------------------------------------- '~,,,,..,...•~--.. 

RESULTS FROM STATISTICAL CURVE MATCHING I""'"'\ 

TATISTICAL MATCH PARAMETER ESTIMATES 

T = 
s = 

Estimate 
l.8542E+001 +/
l.3829E-003 +/-

NALYSIS OF MODEL RESIDUALS 

Std. Error 
7.1710E-001 
1.0049E-00S 

esidual = calculated - observed 
eighted residual= residual* weight 

eighted Residual Statistics: 
Number of residuals ..•••••••..•.•• 278 
Number of estimated parameters •.•• 2 
Degrees of freedom .••••••••.•••••• 276 
Residual mean •••••••.•••••..••.••• 0.01692 
Residual standard deviation .••.••• 0.08995 
Residual variance •.•••••••••••...• 0.008092 

or1~1 Residuals: 

Time Observed Calculated Residual Weight 

13.476 0.007 0 0.007 1 
43.477 0.022 1.488SE-016 0.022 1 



73.476 0.036 2.1062E-010 0.036 1 
103.48 0.043 9.0472E-008 0.043 1 
133.48 0.058 2.7014E-006 0.057997 1 
163.48 0.065 2.4037E-005 0.064976 1 
193.47 0.079 0.00011125 0.078889 1 
223.48 0.094 0.00034727 0.093653 1 
253.48 0.094 0.0008386 0.093161 1 
283.47 0.108 0.0016972 0.1063 1 
313.48 0.108 0.0030253 0.10497 1 
343.48 0.101 0.0049059 0.096094 1 
373.47 0.13 0.0074002 0.1226 1 
403.48 0.13 0.010547 0.11945 1 
433.48 0.123 0.014368 0.10863 1 
463.47 0.123 0.018864 0.10414 1 
493.48 0.123 0.02403 0.09897 1 
523.48 0.115 0.029844 0.085156 1 
553.48 0.115 0.036282 0.078718 1 
583.48 0.115 0.043316 0.071684 1 
613.48 0.108 0.05091 0.05709 1 
643.48 0.108 0.059032 0.048968 1 
673.48 0.115 0.067645 0.047355 1-
703.48 0.115 0.076716 0.038284 1 
733.48 0.123 0.086209 0.036791 1 
763.48 0.137 0.096092 0.040908 1 
793.48 0.151 0.10633 0.044668 1 
823.48 0.166 0.1169 0.049099 1 
853.48 0.18 0.12777 0.052231 1 
883.48 0.195 0.13891 0.056091 1 
913.48 0.209 0.1503 0.058703 1 

.~ 943.48 0.224 0.16191 0.062091 1 

l 973.48 0.238 0.17372 0.064278 1 
1003.5 0.26 0.18572 0.074281 1 
1033.5 0.274 0.19788 0.076124 1 
1063.5 0.289 0.21018 0.078823 1 
1093.5 0.303 0.22261 0.080393 1 
1123.5 0.31 0.23515 0.07485 1 
1153.5 0.325 0.24779 0.077207 1 
1183.5 0.332 0.26052 0.071479 1 
1213 .5 0.339 0.27332 0.065677 1 
1243.5 0.346 0.28619 0.059811 1 
1273.5 0.354 0.29911 0.054893 1 
1303.5 0.368 0.31207 0.055932 1 
1333.5 0.375 0.32506 0.049935 1 
1363.5 0.382 0.33809 0.043913 1 
1393.5 0.39 0.35113 -0. 038871 1 
1423.5 0.397 0.36418 0.037"81.7 1 
1453.5 0.411 0.37724 0.033757 1 
1483.5 0.426 0.3903 0.035697 1 
1513.5 0.469 0.40336 0.065642 1 
1543.5 0.476 0.4164 0.059597 1 
1573.5 0.491 0.42943 0.061566 1 
1603.5 0.505 0.44245 0.062555 1 
1633.5 0.52 0.45543 0.06457 1 
1663.5 0.534 0.4684 0.065603 1 
1693.5 0.548 0.48133 0.066669 1 
1723.5 0.57 0.49423 0.075768 1 
1753.5 0.577 0.5071 0.069902 1 
1783.5 0.585 0.51993 0.065074 1 
1813.5 0.592 0.53272 0.059285 1 
1843.5 0.599 0.54546 0.053538 1 



1873.5 0.606 0.55817 0.047835 1 
1903.5 0.613 0.57082 0.042177 1 
1933.5 0.613 0.58343 0.029566 1 
1963.5 0.613 0.596 0.017003 1 gi'9' 
1993.5 0.606 0.60851 -0.0025094 1 

,,: 
2023.5 0.606 0.62097 -0.014971 1 
2053.5 0.599 0.63338 -0.034381 1 
2083.5 0.599 0.64574 -0.046739 1 
2113.5 0.599 0.65804 -0.059042 1 
2143.5 0.599 0.67029 -0.071292 1 
2173.5 0.599 0.68249 -0.083486 1 
2203.5 0.606 0.69462 -0.088625 1 
2233.5 0.613 0.70671 -0.093707 1 
2263.5 0.621 0.71873 -0.097734 1 
2293.5 0.628 0.7307 -0.1027 1 
2323.5 0.642 0.74262 -0.10062 1 
2353.5 0.657 0.75447 -0.09747 1 
2383.5 0.664 0.76627 -0.10227 1 
2413.5 0.678 0.77801 -0.10001 1 
2443.5 0.7 0.78969 -0.089688 1 
2473.5 0.707 0.80131 -0.094312 1-
2503.5 0.722 0.81288 -0.090878 1 
2533.5 0.736 0.82439 -0.088385 1-
2563.5 0.751 0.83584 -0.084835 1 
2593.5 0.772 0.84723 -0.075227 1 
2623.5 0.787 0.85856 -0.071562 1 
2653.5 0.794 0.86984 -0.075838 1 
2683.5 0.801 0.88106 -0.080058 1 
2713.5 0.808 0.89222 -0.084219 1 
2743.5 0.816 0.90332 -0.087324 1 --2773.5 0.823 0.91437 -0.091372 1 
2803.5 0.83 0.92536 -0.095363 1 
2833.5 0.837 0.9363 · -0.099298 1 
2863.5 0.787 0.94718 -0.16018 1 
2893.5 0.642 0.958 -0.316 1 
2923.5 0.671 0.96877 -0.29777 1 
2953.5 0.729 0.97948 -0.25048 1 
2983.5 0.751 0.99013 -0.23913 1 
3013.5 0.808 1.0007 -0.19274 1 
3043.5 0.859 1.0113 -0.15228 1 
3073.5 0.909 1.0218 -0.11278 1 
3103.5 0.953 1.0322 -0.079215 1 
3133.5 0.989 1.0426 -0.053601 1 
3163.5 1.032 1.0529 -0.020933 1 
3193.5 1.068 1.0632 0.004787 1 
3223.5 1.097 1.0734 0,r02'35' •· ,r~a, 1 
3253.5 1.133 1.0836 0.049385 1 
3283.5 1.162 1.0937 0.068261 1 
3313.5 1.191 1.1038 0.087189 1 
3343.5 1.213 1.1138 0.099168 1 
3373.5 1.234 1.1238 0.1102 1 
3403.5 1.249 1.1337 0.11528 1 
3433.5 1.263 1.1436 0.11941 1 
3463.5 1.27 1.1534 0.11659 1 
3493.5 1.278 1.1632 0.11482 1 
3523.5 1.278 1.1729 0.10509 1 

····, 

3553.5 1.285 1.1826 0.10242 1 l._ 
3583.5 1.292 1.1922 0.099794 1 
3613.5 1.292 1.2018 0.090216 1 
3643.5 1.292 1.2113 0.080685 1 



,73.5 1.292 1.2208 O.u, ... _ 
f03 .5 1.285 1.2302 0.054765 
~% 5 1.292 1.2396 0.052375 ..L 

i 5 1.299 1.249 0.05003 1 
,793. 5 1.299 1.2583 0.040731 1 
$823. 5 1.306 1.2675 0.038477 1 
3853.5 1.321 1.2767 0.044268 1 
3883.5 1.328 1.2859 0.042104 1 
3913.5 1.335 1.295 0.039984 1 
3943.5 1.35 1.3041 0.045907 1 
3973.5 1.364 1.3131 0.050874 1 
4003.5 1.386 1.3221 0.063885 l· 
4033.5 1.393 1.3311 0.061938 1 
4063.5 1.415 1.34 0.075033 1 
4093.5 1.429 1.3488 0.080171 1 
4123.5 1.444 1.3576 0.08635 1 
4153.5 1.451 1.3664 0.084571 1 
13.476 0.007 0 0.007 1 
43.477 0.022 l.4885E-016 0.022 1 
73.476 0.036 2.1062E-010 0.036 1 
103.48 0.043 9.0472E-008 0.043 l· 
13·3. 48 0.058 2.7014E-006 0.057997 1 
163.48 0.065 2.4037E-005 0.064976 1 
193.47 0.079 0.00011125 0.078889 1 
223.48 0.094 0.00034727 0.093653 1 
253.48 0.094 0.0008386 0.093161 1 
283.47 0.108 0.0016972 0.1063 1 
313.48 0.108 0.0030253 0.10497 1 ( 343.48 0.101 0.0049059 0.096094 1 ' 
373.47 0.13 0.0074002 0.1226 1 

J 403.48 0.13 0.010547 0.11945 1 
433.48 0.123 0.014368 0.10863 1 
463.47 0.123 0.018864 0.10414 1 
493.48 0.123 0.02403 0.09897 1 
523.48 0.115 0.029844 0.085156 1 
553.48 0.115 0.036282 0.078718 1 
583.48 0.115 0.043316 0.071684 1 
613.48 0.108 0.05091 0.05709 1 
643.48 0.108 0.059032 0.048968 1 
673.48 0.115 0.067645 0.047355 l 
703.48 0.115 0.076716 0.038284 1 
733.48 0.123 0.086209 0.036791 1 
763.48 0.137 0.096092 0.040908 1 
793.48 0.151 0.10633 0.044668 1 
823.48 0.166 0.1169 0.049099 1 
853.48 0.18 0.12777 0.052231. . ~.~ ..... 1 
883.48 0.195 0.13891 0.056091 1 
913.48 0.209 0.1503 0.058703 1 
943.48 0.224 0.16191 0.062091 1 
973.48 0.238 0.17372 0.064278 1 
1003.5 0.26 0.18572 0.074281 1 
1033.5 0.274 0.19788 0.076124 1 

\ 1063.5 0.289 0.21018 0.078823 1 \\ 1093.5 0.303 0.22261 0.080393 1 \ , __ 
1123.5 0.31 0.23515 0.07485 1 

.i. 1153.5 0.325 0.24779 0.077207 1 
1183.5 0.332 0.26052 0.071479 1 
1213.5 o·. 339 0.27332 0.065677 1 
1.243. 5 0.346 0.28619 0.059811 1 
'U73 .5 0.354 0.29911 0.054893 1 



1303.5 0.368 0.31207 0.055932 1 
1333.5 0.375 0.32506 0.049935 1 
1363.5 0.382 0.33809 0.043913 1 
1393.5 0.39 0.35113 0.038871 1 

( .. :"-
1423.5 0.397 0.36418 0.032817 1 '( 

1453.5 0.411 0.37724 0.033757 1 
1483.5 0.426 0.3903 0.035697 1 
1513.5 0.469 0.40336 0.065642 1 
1543.5 0.476 0.4164 0.059597 1 
1573.5 0.491 0.42943 0.061566 1 
1603.5 0.505 0.44245 0.062555 1 
1633.5 0.52 0.45543 0.06457 1 
1663.5 0.534 0.4684 0.065603 1 
1693.5 0.548 0.48133 0.066669 1 
1723.5 0.57 0.49423 0.075768 1 
1753.5 0.577 0.5071 0.069902 1 
1783.5 0.585 0.51993 0.065074 1 
1813.5 0.592 0.53272 0.059285 1 
1843.5 0.599 0.54546 0.053538 1 
1873.5 0.606 0.55817 0.047835 1 
1903.5 0.613 0.57082 0.042177 1 
1933.5 0.613 0.58343 0.029566 1 
1963.5 0.613 0.596 0.017003 1 
1993.5 0.606 0.60851 -0.0025094 1 
2023.5 0.606 0.62097 -0.014971 1 
2053.5 0.599 0.63338 -0.034381 1 
2083.5 0.599 0.64574 -0.046739 1 
2113.5 0.599 0.65804 -0.059042 1 
2143.5 0.599 0.67029 -0.071292 1 
2173.5 0.599 0.68249 -0.083486 1 
2203.5 0.606 0.69462 -0.088625 1 \ 
2233.5 0.613 0.70671 -0.093707 1 
2263.5 0.621 0.71873 -0.097734 1 
2293.5 0.628 0.7307 -0.1027 1 
2323.5 0.642 0.74262 -0.10062 1 
2353.5 0.657 0.75447 -0.09747 1 
2383.5 0.664 0.76627 -0.10227 1 
2413.5 0.678 0.77801 -0.10001 1 
2443.5 0.7 0.7~969 -0.089688 1 
2473.5 0.707 0.80131 -0.094312 1 
2503.5 0.722 0.81288 -0.090878 1 
2533.5 0.736 0.82439 -0.088385 1 
2563.5 0.751 0.83584 -0.084835 1 
2593.5 0.772 0.84723 -0.075227 1 
2623.5 0.787 0.85856 -_0.071562 1 
2653.5 0.794 0.86984 -0.075838 1 
2683.5 0.801 0.88106 -0.080058 1 
2713.5 0.808 0.89222 -0.084219 1 
2743.5 0.816 0.90332 -0.087324 1 
2773.5 0.823 0.91437 -0.091372 1 
2803.5 0.83 0.92536 -0.095363 1 
2833.5 0.837 0.9363 -0.099298 1 
2863.5 0.787 0.94718 -0.16018 1 
2893.5 0.642 0.958 -0.316 1 
2923.5 0.671 0.96877 -0.29777 1 
2953.5 0.729 0.97948 -0.25048 1 

l 2983.5 0.751 0.99013 -0.23913 1 
3013.5 0.808 1.0007 -0.19274 1 
3043.5 0.859 1.0113 -0.15228 1 
3073.5 0.909 1.0218 -0.11278 1 



3103.5 0.953 1.0322 -0.079215 1 
3133.5 0.989 1.0426 -0.053601 1 
3163.5 1.032 1.0529 -0.020933 1 
3193.5 1.068 1.0632 0.004787 1 
3223.5 1.097 1.0734 0.02356 1 
3253.5 1.133 1.0836 0.049385 1 
3283.5 1.162 1.0937 0.068261 1 
3313.5 1.191 1.1038 0.087189 1 
3343.5 1.213 1.1138 0.099168 1 
3373.5 1.234 1.1238 0.1102 1 
3403.5 1.249 1.1337 0.11528 1 
3433.5 1.263 1.1436 0.11941 1 
3463.5 1.27 1.1534 0.11659 1 
3493.5 1.278 1.1632 0.11482 1 
3523.5 1.278 1.1729 0.10509 1 
3553.5 1.285 1.1826 0.10242 1 
3583.5 1.292 1.1922 0.099794 1 
3613.5 1.292 1.2018 0.090216 1 
3643.5 1.292 1.2113 0.080685 1 
3673.5 1.292 1.2208 0.071202 1 
3703.5 1.285 1.2302 0.054765 1· 
3733.5 1.292 1.2396 0.052375 1 
3763.5 1. 299 . 1.249 0.05003 1 
3793.5 1.299 1.2583 0.040731 1 
3823.5 1.306 1.2675 0.038477 1 
3853.5 1.321 1.2767 0.044268 1 
3883.5 1.328 1.2859 0.042104 1 
3913.5 1.335 1.295 0.039984 1 
3943.5 1.35 1.3041 0.045907 1 

~- 3973.5 1.364 1.3131 0.050874 1 
( 4003.5 1.386 1.3221 0.063885 1 

4033.5 1.393 1.3311 0.061938 1 
4063.5 1.415 1.34 0.075033 1 
4093.5 1.429 1.3488 0.080171 
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TEST DESCRIPTION 

1ta set .•.••...... b:\ddnmw-5c.aqt 
1ta set title ••••• TAC-lA TEST - DRAWDOWN NMW-5C 

1owns and Constants: 

= 

No. of data points ..•...•.•.••.•...• 278 
Pumping rate. . . . . • . . • • • • • • . • . • • • • . • • 401 
Radius (distance) to obs. well •••••• 8831 
Radius of pumped well casing •••••..• 0.5 
Radius of pumped wellbore ...•...•..• 0.5 

ANALYTICAL METHOD 

Joper-Jacob (Confined Aquifer) 

RESULTS FROM STATISTICAL CURVE MATCHING 

rATISTICAL MATCH PARAMETER ESTIMATES 

T = 
s = 

Estimate 
8.9547E+001 +/-
6.3574E-004 +/-

~ALYSIS OF MODEL RESIDUALS 

Std. Error 
3.8172E+000 
3.4909E-005 

asidual = calculated - observed 
aighted residual= residual* weight 

aighted Residual Statistics: 
Number of residuals .•.•••...•..... 278 
Number of estimated parameters ...• 2 
Degrees of freedom ....••••.....•.. 276 
Residual mean •••....•.•.•.•...•••• -3.817E-0ll 
Residual standard deviation •••••.• 0.2485 
Residual variance .....•.••.••••••• 0.06178 

-1. Residuals: 

Time Observed Calculated Residual Weight 
------------- ------------- ------------- ------------- -------------

13.476 0.007 -1.036 1.043 1 
43.477 0.022 -0.61851 0.64051 1 



73.476 0.036 -0.43148 0.46748 1 
103.48 0.043 -0.30945 0.35245 1 
133.48 0.058 -0.21871 0.27671 1 
163.48 0.065 -0.14645 0.21145 1 
193.47 0.079 -0.086399 0.1654 1 
223.48 0.094 -0.035016 0.12902 1 
253.48 0.094 0.0098793 0.084121 1 
283.47 0.108 0.049745 0.058255 1 
313.48 0.108 0.085601 0.022399 1 
343.48 0.101 0.11818 -0.017176 1 
373.47 0.13 0.14802 -0.018021 1 
403.48 0.13 0.17556 -0.04556 1 
433.48 0.123 0.20112 -0.078123 1 
463.47 0.123 0.22497 -0.10197 1 
493.48 0.123 0.24733 -0.12433 1 
523.48 0.115 0.26836 -0.15336 1 
553.48 0.115 0.28823 -0.17323 1 
583.48 0.115 0.30704 -0.19204 1 
613.48 0.108 0.32491 -0.21691 1 
643.48 0.108 0.34193 -0.23393 1 
673.48 0.115 0.35817 -0.24317 1 
703.48 0.115 0.3737 -0.2587 1 
733.48 0.123 0.38859 -0.26559 1 
763.48 0.137 0.40287 -0.26587 1 
793.48 0.151 0.41661 -0.26561 1 
823.48 0.166 0.42984 -0.26384 1 
853.48 0.18 0.44259 -0.26259 1 
883.48 0.195 0.45491 -0.25991 1 
913.48 0.209 0.46681 -0.25781 1 
943.48 0.224 0.47833 -0.25433 1 
973.48 0.238 0.48948 -0.25148 1 
1003.5 0.26 0.5003 -0.2403 1 
1033.5 0.274 0.5108 -0.2368 1 
1063.5 0.289 0.521 -0.232 1 
1093.5 0.303 0.53091 -0.22791 1 
1123. 5. 0.31 0.54056 -0.23056 .1 
1153.5 0.325 0.54995 -0.22495 1 
1183.5 0.332 0.55911 -0.22711 1 
1213. 5 0.339 0.56803 -0.22903 1 
1243.5 0.346 0.57673 -0.23073 1 
1273.5 0.354 0.58523 -0.23123 1 
1303.5 0.368 0.59353 -0.22553 1 
1333.5 0.375 0.60164 -0.22664 1 
1363.5 0.382 0.60957 -0.22757 1 
1393.5 0.39 0.61733 -0.22733 1 
1423.5 0.397 0.62492 -0.22792 1 
1453.5 0.411 0.63235 -0.22135 1 
1483.5 0.426 0.63963 -0.21363 1 
1513.5 0.469 0.64677 -0.17777 1 
1543.5 0.476 0.65376 -0.17776 1 
1573.5 0.491 0.66063 -0.16963 1 
1603.5 0.505 0.66736 -0.16236 1 
1633.5 0.52 0.67396 -0.15396 1 
1663.5 0.534 0.68045 -0.14645 1 
1693.5 0.548 0.68682 -0.13882 1 
1723.5 0.57 0.69308 -0.12308 1 
1753.5 0.577 0.69923 -0.12223 1 
1783.5 0.585 0.70528 -0.12028 1 
1813.5 0.592 0.71122 -0.11922 1 
1843.5 0.599 0.71707 -0.11807 1 



1873.5 0.606 0.72282 -0.11682 1 
1903.5 0.613 0.72849 -0.11549 1 
1933.5 0.613 0.73406 -0.12106 1 
1963.5 0.613 0.73955 -0.12655 1 
1993.5 0.606 0.74495 -0.13895 1 
2023.5 0.606 0.75028 -0.14428 1 
2053.5 0.599 0.75552 -0.15652 1 
2083.5 0.599 0.76069 -0.16169 1 
2113.5 0.599 0.76579 -0.16679 1 
2143.5 0.599 0.77081 -0.17181 1 
2173.5 0.599 0.77576 -0.17676 1 
2203.5 0.606 0.78065 -0.17465 1 
2233.5 0.613 0.78547 -0.17247 1 
2263.5 0.621 0.79023 -0.16923 1 
2293.5 0.628 0.79492 -0.16692 1 
2323.5 0.642 0.79955 -0.15755 1 
2353.5 0.657 0.80412 -0.14712 1 
2383.5 0.664 0.80864 -0.14464 1 
2413.5 0.678 0.8131 -0.1351 1 
2443.5 0.7 0.8175 -0.1175 1 
2473.5 0.707 0.82185 -0.11485 1 
2503.5 0.722 0.82614 -0.10414 1 
2533.5 0.736 0.83039 -0.09439 1 
2563.5 0.751 0.83459 -0.083586 1 
2593.5 0.772 0.83873 -0.066733 1 
2623.5 0.787 0.84283 -0.055832 1 
2653.5 0.794 0.84688 -0.052885 1 
2683.5 0.801 0.85089 -0.049892 1 
2713.5 0.808 0.85485 -0.046854 1 
2743.5 0.816 0.85877 -0.042773 1 

t 2773.5 0.823 0.86265 -0.03965 1 
2803.5 0.83 0.86648 -0.036484 1 
2833.5 0.837 0.87028 -0.033278 1 
2863.5 0.787 0.87403 -0.087032 1 
2893.5 0.642 0.87775 -0.23575 1 
2923.5 0.671 0.88142 -0.21042 1 
2953.5 0.729 0.88506 -0.15606 1 
2983.5 0.751 0.88866 -0.13766 1 
3013.5 0.808 0.89223 -0.08423 1 
3043.5 0.859 0.89576 -0.036761 1 
3073.5 0.909 0.89926 0.009743 1 
3103.5 0.953 0.90272 0.050281 1 
3133.5 0.989 0.90615 0.082852 1 
3163.5 1.032 0.90954 0.12246 1 
3193.5 1.068 0.91291 0.15509 1 
3223.5 1.097 0.91624 0.18076 1 
3253.5 1.133 0.91954 0.21346 1 
3283.5 1.162 0.92281 0.23919 1 
3313.5 1.191 0.92606 0.26494 1 
3343.5 1.213 0.92927 0.28373 1 
3373.5 1.234 0.93245 0.30155 1 
3403.5 1.249 0.93561 0.31339 1 
3433.5 1.263 0.93874 0.32426 1 
3463.5 1.27 0.94184 0.32816 1 
3493.5 1.278 0.94491 0.33309 1 
3523.5 1.278 0.94796 0.33004 1 
3553.5 1.285 0.95098 0.33402 1 
3583.5 1.292 0.95398 0.33802 1 
3613.5 1.292 0.95695 0.33505 1 
3643.5 1.292 0.95989 0.33211 1 



3673.5 1.292 0.96282 0.32918 1 
3703.5 1.285 0.96572 0.31928 1 
3733.5 1.292 0.96859 0.32341 1 
3763.5 1.299 0.97144 0.32756 1 
3793.5 1.299 0.97427 0.32473 1 
3823.5 1.306 0.97708 0.32892 1 
3853.5 1.321 0.97987 0.34113 1 
3883.5 1.328 0.98263 0.34537 1 
3913.5 1.335 0.98537 0.34963 1 
3943.5 1.35 0.9881 0.3619 1 
3973.5 1.364 0.9908 0.3732 1 
4003.5 1.386 0.99348 0.39252 1 
4033.5 1.393 0.99614 0.39686 1 
4063.5 1.415 0.99878 0.41622 1 
4093.5 1.429 1.0014 0.4276 1 
4123.5 1.444 1.004 0.44 1 
4153.5 1.451 1.0066 0.44441 1 
13.476 0.007 -1.036 1.043 1 
43.477 0.022 -0.61851 0.64051 1 
73.476 0.036 -0.43148 0.46748 1 
103.48 0.043 -0.30945 0.35245 1· 
133.48 0.058 -0.21871 0.27671 1 
163.48 0.065 -0.14645 0.21145 1 
193.47 0.079 -0.086399 0.1654 1 
223.48 0.094 -0.035016 0.12902 1 
253.48 0.094 0.0098793 0.084121 1 
283.47 0.108 0.049745 0.058255 1 
313.48 0.108 0.085601 0.022399 1 
343.48 0.101 0.11818 -0.017176 1 
373.47 0.13 0.14802 -0.018021 1 
403.48 0.13 0.17556 -0.04556 1 
433.48 0.123 0.20112 -0.078123 1 
463.47 0.123 0.22497 -0.10197 1 
493.48 0.123 0.24733 -0.12433 1 
523.48 0.115 0.26836 -0.15336 1 
553.48 0.115 0.28823 -0.17323 1 
583.48 0.115 0.30704 -0.19204 1 
613.48 0.108 0.32491 -0.21691 1 
643.48 0.108 0.34193 -0.23393 1 
673.48 0.115 0.35817 -0.24317 1 
703.48 0.115 0.3737 -0.2587 1 
733.48 0.123 0.38859 -0.26559 1 
763.48 0.137 0.40287 -0.26587 1 
793.48 0.151 0.41661 -0.26561 1 
823.48 0.166 0.42984 -0.26384 1 
853.48 0.18 0.44259 -0.26259 1 
883.48 0.195 0.45491 -0.25991 1 
913.48 0.209 0.46681 -0.25781 1 
943.48 0.224 0.47833 -0.25433 1 
973.48 0.238 0.48948 -0.25148 1 
1003.5 0.26 0.5003 -0.2403 1 
1033.5 0.274 0.5108 -0.2368 1 
1063.5 0.289 0.521 -0.232 1 
1093.5 0.303 0.53091 -0.22791 1 
1123.5 0.31 0.54056 -0.23056 1 
1153.5 0.325 0.54995 -0.22495 1 l_ 1183.5 0.332 0.55911 -0.22711 1 
1213.5 0.339 0.56803 -0.22903 1 
1243.5 0.346 0.57673 -0.23073 1 
1273.5 0.354 0.58523 -0.23123 1 



1303.5 0.368 0.59353 -0.22553 1 
1333.5 0.375 0.60164 -0.22664 1 
1363.5 0.382 0.60957 -0.22757 1 
1393.5 0.39 0.61733 -0.22733 1 
1423.5 0.397 0.62492 -0.22792 1 
1453.5 0.411 0.63235 -0.22135 1 
1483.5 0.426 0.63963 -0.21363 1 
1513.5 0.469 0.64677 -0.17777 1 
1543.5 0.476 0.65376 -0.17776 1 
1573.5 0.491 0.66063 -0.16963 1 
1603.5 0.505 0.66736 -0.16236 1 
1633.5 0.52 0.67396 -0.15396 1 
1663.5 0.534 0.68045 -0.14645 1 
1693.5 0.548 0.68682 -0.13882 1 
1723.5 0.57 0.69308 -0.12308 1 
1753.5 0.577 0.69923 -0.12223 1 
1783.5 0.585 0.70528 -0.12028 1 
1813.5 0.592 0.71122 -0.11922 1 
1843.5 0.599 0.71707 -0.11807 1 
1873.5 0.606 0.72282 -0.11682 1 
1903.5 0.613 0.72849 -0.11549 1 
1933.5 0.613 0.73406 -0.12106 1 
1963.5 0.613 0.73955 -0.12655 1 
1993.5 0.606 0.74495 -0.13895 1 
2023.5 0.606 0.75028 -0.14428 1 
2053.5 0.599 0.75552 -0.15652 1 
2083.5 0.599 0.76069 -0.16169 1 
2113.5 0.599 0.76579 -0.16679 1 
2143.5 0.599 0.77081 -0.17181 1 

( 2173.5 0.599 0.77576 -0.17676 1 
2203.5 0.606 0.78065 -0.17465 1 
2233.5 0.613 0.78547 -0.17247 1 
2263.5 0.621 0.79023 -0.16923 1 
2293.5 0.628 0.79492 -0.16692 1 
2323.5 0.642 0.79955 -0.15755 1 
2353.5 0.657 0.80412 -0.14712 1 
2383.5 0.664 0.80864 -0.14464 1 
2413.5 0.678 0.8131 -0.1351 1 
2443.5 0.7 0.8175 -0.1175 1 
2473.5 0.707 0.82185 -0.11485 1 
2503.5 0.722 0.82614 -0.10414 1 
2533.5 0.736 0.83039 -0.09439 1 
2563.5 0.751 0.83459 -0.083586 1 
2593.5 0.772 0.83873 -0.066733 1 
2623.5 0.787 0.84283 -0.055832 1 
2653.5 0.794 0.84688 -0.052885 1 
2683.5 0.801 0.85089 -0.049892 1 
2713.5 0.808 0.85485 -0.046854 1 
2743.5 0.816 0.85877 -0.042773 1 
2773.5 0.823 0.86265 -0.03965 1 
2803.5 0.83 0.86648 -0.036484 1 
2833.5 0.837 0.87028 -0.033278 1 
2863.5 0.787 0.87403 -0.087032 1 
2893.5 0.642 0.87775 -0.23575 1 
2.923. 5 0.671 0.88142 -0.21042 1 
2953.5 0.729 0.88506 -0.15606 1 
2983.5 0.751 0.88866 -0.13766 1 
3013.5 0.808 0.89223 -0.08423 1 
3043.5 0.859 0.89576 -0.036761 1 
3073.5 0.909 0.89926 0.009743 1 



3103.5 0.953 0.90272 0.050281 1 
3133.5 0.989 0.90615 0.082852 1 
3163.5 1.032 0.90954 0.12246 1 
3193.5 1.068 0.91291 0.15509 1 
3223.5 1.097 0.91624 0.18076 1 
3253.5 1.133 0.91954 0.21346 1 
3283.5 1.162 0.92281 0.23919 1 
3313.5 1.191 0.92606 0.26494 1 
3343.5 1.213 0.92927 0.28373 1 
3373.5 1.234 0.93245 0.30155 1 
3403.5 1.249 0.93561 0.31339 1 
3433.5 1.263 0.93874 0.32426 1 
3463.5 1.27 0.94184 0.32816 1 
3493.5 1.278 0.94491 0.33309 1 
3523.5 1.278 0.94796 0.33004 1 
3553.5 1.285 0.95098 0.33402 1 
3583.5 1.292 0.95398 0.33802 1 
3613.5 1.292 0.95695 0.33505 1 
3643.5 1.292 0.95989 0.33211 l. 
3673.5 1.292 0.96282 0.32918 1 
3703.5 1.285 0.96572 0.31928 l. 
3733.5 1.292 0.96859 0.32341. l. 
3763.5 1.299 0.97144 0.32756 l. 
3793.5 1.299 0.97427 0.32473 1 
3823.5 1.306 0.97708 0.32892 1 
3853.5 1.321 0.97987 0.34113 1 
3883.5 1.328 0.98263 0.34537 l. 
3913.5 1.335 0.98537 0.34963 1 
3943.5 1.35 0.9881. 0.361.9 l. 
3973.5 1.364 0.9908 0.3732 1 
4003.5 1.386 0.99348 0.39252 1 
4033.5 1.393 0.99614 0.39686 l. 
4063.5 1.41.5 0.99878 0.41.622 l. 
4093.5 1.429 1.001.4 0.42 
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A Q T E S O L V R E S U L T S 
Version 1.10 

7/30/92 11:07:05 

===========---------------------=-===================================== 
TEST DESCRIPTION 

ata set ••••..••••• b:\89_5dd.aqt 
ata set title ••••• TAC-lA - 89.5 DRAWDOWN 

nowns and Constants: 
No. of data points •••••••••••••••••• 16 
Pumping rate ......................... 401 
Radius (distance) to obs. well •••••• 6528 
Radius of pumped well casing •••••••• 0.25 
Radius of pumped wellbore ••••••••••• 0.25 

========================================================================== 
ANALYTICAL METHOD 

neis (Confined Aquifer) 

:- ----------------------------------------------------------------------~~ 
RESULTS FROM STATISTICAL CURVE MATCHING 

rATISTICAL MATCH PARAMETER ESTIMATES 

T = 
s = 

Estimate 
6.4337E+000 +/-
7.4998E-004 +/-

~ALYSIS OF MODEL RESIDUALS 

Std. Error 
1.4480E+000 
1.1668E-004 

asidual = calculated - observed 
aighted residual= residual* weight 

aighted Residual Statistics: 
Number of residuals ••••••••••••••• 16 
Number of estimated parameters •.•• 2 
Degrees of freedom •••••••••••••••• 14 
Residual mean ••••••.•••••••••••••• -0.08252 
Residual standard deviation ••••••• 1.294 
Residual variance ••••••••••••••••• 1.674 

··,1 Residuals: 

Time Observed Calculated Residual Weight 

------------- ------------- ------------- ------------- -------------
805 0.21 0.46578 -0.25578 1 

1925 0.06 2.0609 -2.0009 1 

l 



2195 0.38 2.4166 -2.0366 1 
2386 1.06 2.6572 -1.5972 1 
3398 4.53 3.7895 0.74046 1 
3853 5.39 4.2317 1.1583 1 
4875 6.57 5.1075 1.4625 1 
5230 6.69 5.3801 1.3099 1 
6354 7.43 6.1584 1.2716 1 
6664 7.46 6.3536 1.1064 1 
7734 7.75 6.9747 0.77525 1 
9248 7.87 7.7403 0.12973 1 

10610 7.96 8.3414 -0.38137 1 
11995 8.06 8.8865 -0.82646 1 
12175 8.23 8.9531 -0.72312 1 
12394 7.58 9.033 -1.453 1 

=========================================================--================== 
RESULTS FROM VISUAL CURVE MATCHING 

[SUAL MATCH PARAMETER ESTIMATES 

T = 
s = 

Estimate 
6.4337E+OOO 
7.4998E-004 

,<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>> 
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A Q T E S O L V R E S U L T S 
Version 1.10 

7/30/92 11:10:48 

TEST DESCRIPTION 

ata set .••.•..•••. b:\89_5dd.aqt 
ata set title •..•. TAC-1A - 89.5 DRAWDOWN 

nowns and Constants: 
No. of data points •••••......•..•.•• 16 
Pumping rate . ............ ·. . . . . . . . . . . 401 
Radius (distance) to obs. well ....•. 6528 
Radius of pumped well casing •...•.•. 0.25 
Radius of pumped wellbore •....•..... 0.25 

ANALYTICAL METHOD 

iooper-Jacob (Confined Aquifer) 

RESULTS FROM STATISTICAL CURVE MATCHING 

TATISTICAL MATCH PARAMETER ESTIMATES 

T = 
s = 

Estimate 
8.6081E+000 +/-
5.2244E-004 +/-

NALYSIS OF MODEL RESIDUALS 

Std. Error 
9.4181E-001 
5.1196E-005 

esidual = calculated - observed 
eighted residual= residual* weight 

eighted Residual Statistics: 
Number of residuals ••.•••••••••.•. 16 
Number of estimated parameters .••• 2 
Degrees of freedom •••••••.••••••.. 14 
Residual mean .•.......•••••.••••.• 2.046E-011 
Residual standard deviation •••••.. 1.228 
Residual variance ...•..••....•.•.. 1.508 

r ~ '1 Residuals: 

Time Observed Calculated Residual Weight 
------------- ------------- ------------- ------------- -------------

805 0.21 -1.3271 1.5371 1 
1925 0.06 1.9054 -1.8454 1 



2195 0.38 2.3921 -2.0121 1 
2386 1.06 2.7014 -1.6414 1 
3398 4.53 4.0123 0.51766 1 
3853 5.39 4.4783 0.91174 1 
4875 6.57 5.3506 1.2194 1 
5230 6.69 5.6112 1.0788 1 
6354 7.43 6.333 1.097 1 
6664 7.46 6.5096 0.95041 1 
7734 7.75 7.0617 0.68831 1 
9248 7.87 7.7246 0.14544 1 

10610 7.96 8.234 -0.27395 1 
11995 8.06 8.6889 -0.62886 1 
12175 8.23 8.7441 -0.51409 1 
12394 7.58 8.8102 -1.2302 1 

·===================----=====-=============================================== 
RESULTS FROM VISUAL CURVE MATCHING 

ISUAL MATCH PARAMETER ESTIMATES 

T = 
s = 

Estimate 
8.6081E+OOO 
5.2244E-004 

<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>> 
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AQTESOLV RESULTS 
Version 1.10 

7/30/92 11:14:01 

===========-------------------~-----==-====--=========================== 
TEST DESCRIPTION 

ata set ••••••••••• b:\89_5dd.aqt 
ata set title ••••• TAC-lA - 89.5 DRAWDOWN 

nowns and Constants: 
No. of data points •••••••••••••••••• 16 
Pu.mping rate . ............ ·. . . . . . . . . . . 401 
Radius (distance) to obs. well •••••• 6528 
Radius of pumped well casing .••••••• 0.25 
Radius of pumped wellbore ••••••••••• 0.25 

======================================================================= 
ANALYTICAL METHOD 

antush (Leaky Aquifer) 

-------------------------------------------------------------------- / 
RESULTS FROM STATISTICAL CURVE MATCHING 

rATISTICAL MATCH PARAMETER ESTIMATES 

T = 
s = 
r/B= 

Estimate 
9.7000E-001 +/-
3.2648E-004 +/
l.8177E+000 +/-

Std. Error 
1.5662E+000 
2.3656E-004 
9.1158E-001 

~ALYSIS OF MODEL RESIDUALS 

asidual = calculated - observed 
aighted residual= residual* weight 

aighted Residual Statistics: 
Number of residuals ••••••••••••••• 
Number of estimated parameters •••• 
Degrees of freedom .••••••••••••••• 
Residual mean .................... . 
Residual standard deviation ••••••• 
Residual variance ••••••••••••••••• 

,._ Residuals: 

16 
3 
13 
-0.3084 
0.9411 
0.8857 

Time Observed Calculated Residual Weight 
------------- ------------- ------------- ------------- -------------

805 0.21 0.061495 0.1485 1 

l 



1925 0.06 1.3961 -1.3361 1 
2195 0.38 1.8659 -1.4859 1 
2386 1.06 2.204 -1.144 1 
3398 4.53 3.9039 0.62613 1 
3853 5.39 4.5699 0.82007 1 
4875 6.57 5.8117 0.75831 1 
5230 6.69 6.1668 0.52322 1 
6354 7.43 7.0759 0.35414 1 
6664 7.46 7.2776 0.18244 1 
7734 7.75 7.8459 -0.095863 1 
9248 7.87 8.3944 -0.52438 1 

10610 7.96 8.7159 -0.75591 1 
11995 8.06 8.9346 -0.87462 1 
12175 8.23 8.9571 -0.72713 1 
12394 7.58 8.983 -1.403 1 

=========================================================================== 
RESULTS FROM VISUAL CURVE MATCHING 

ISUAL MATCH PARAMETER ESTIMATES 

Estimate 
T = 9.7000E-001 
S = 3.2648E-004 
r/B= l.8177E+000 

~-~<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>> 
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AQTESOLV RESULTS 
Version 1.10 

?0/92 12:01:20 

=============================================================== 
TEST DESCRIPTION 

ata set ••••••••••• b:\89_5dd.aqt 
ata set title ••••• TAC-lA - 89.5 DRAWDOWN 

~owns and Constants: 

= 

No. of data points •••••••••••••••••• 16 
Pumping rate ........................ 401 
Radius (distance) to obs. well •••••• 6528 
Radius of pumped well casing •••••••• 0.25 
Radius of pumped wellbore~ •••••••••• 0.25 

ANALYTICAL METHOD 

antush (Leaky Aquifer) 

RESULTS FROM STATISTICAL CURVE MATCHING 

i STICAL MATCH PARAMETER ESTIMATES 

T = 
s = 
fJ = 

Estimate 
4.3477E+000 +/-
5.4363E-004 +/-
1.3946E-001 +/-

Std. Error 
2.4240E+002 
2.9093E-002 
2.4955E+001 

~ALYSIS OF MODEL RESIDUALS 

esidual = calculated - observed 
eighted residual= residual* weight 

eighted Residual Statistics: 
Number of residuals ••••••••••••••• 16 
Number of estimated parameters •••• 3 
Degrees of freedom •••••••••••••••• 13 
Residual mean ••••••••••••••••••••• -0.08531 
Residual standard deviation ••••••• 1.321 
Residual variance ••••••••••••••••• 1.746 

:>del Residuals: 

Time Observed Calculated 

--------- ------------- -------------
I, .805 0.21 0.43473 

1925 0.06 2.0399 
2195 0.38 2.4026 
2386 1.06 2.648 

Residual 

-------------
-0.22473 

-1.9799 
-2.0226 
-1.588 

Weight 

-------------
1 
1 
1 
1 



4875 6.57 5.1362 1.4338 
5230 6.69 5.4105 1.2795 
6354 7.43 6.1894 1.2406 
6664 7.46 6.3838 1.0762 
7734 7.75 6.9997 0.75035 
9248 7.87 7.7526 0.11742 

10610 7.96 8.3389 -0.37888 
11995 8.06 8.8667 -0.80668 
12175 8.23 8.931 -0.70097 
12394 7.58 9.008 -1.428 

RESULTS FROM VISUAL CURVE MATCHING 

'ISUAL MATCH PARAMETER ESTIMATES 

Estimate 
T = 4.3477E+000 
S = 5.4363 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

' 

L 
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AQTESOLV 
Version 

RESULTS 
1.10 

====================================================================== 
TEST DESCRIPTION 

1ata set ••••••••••• b:\89_5rec~.aqt 
1ata set title ••••• TAC-lA - 89.5 RECOVERY 

:nowns and Constants: 
No. of data points •••••••••••••••••• 6 
Pu.mping rate............ . . . . . . . . . . . . 401 
Total pumping time •••••••••••••••••• 12390 

ANALYTICAL METHOD 

~heis Recovery (Confined Aquifer) 

RESULTS FROM STATISTICAL CURVE MATCHING 

:TATISTICAL MATCH PARAMETER ESTIMATES 

£ = 
S' = 

Estimate 
1.2126E+001 +/-
3.1442E+OOO +/-

NALYSIS OF MODEL RESIDUALS 

Std. Error 
4.4545E-001 
9.3861E-002 

·esidual = calculated - observed 
~ighted residual= residual* weight 

reighted Residual Statistics: 
Number of residuals ••••••••••••••• 6 
Number of estimated parameters •••• 2 
Degrees of freedom •••••••••••••••• 4 
Residual mean ••••••••••••••••••••• -2.071E-0ll 
Residual standard deviation ••••••• 0.1005 
Residual variance ••••••••••••••••• 0.01009 

:odel Residuals: 

Time Observed Calculated 

------------- ------------- -------------
1057 3.75 3.6799 
1460 2.9 2.9074 
2455 1.61 1.7221 
2869 1.28 1.3843 
3909 0.83 0.7436 
4327 0.61 0.54283 

Residual 

-------------
0.070129 

-0.0073906 
-0.11206 
-0.10426 
0.086404 
0.067174 

Weight 
-------------

1 
1 
1 

( 1 
1 
1 
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SOUTH TACOMA FXELD 
HY.E>RAULXC XHVESTXGATXON 
V!JIIXCAL CONDUCTXVXTY 
OF AQUXTARD OVERLYXNG LAYER C 

PURPOSE 

29 JULY 1992 
K/J 916055.09 
VERTCOND.MCD 

The purpose of these calculations is to determine the vertical 
hydraulic conductivity of the aquitard overlying aquifer Layer c 
at South Tacoma Field. 

In March 1992 Tacoma Public Utilities pumped municipal well 
TAC-lA at·a rate of 3,000 gpm for several days. During this time 
Kennedy/Jenks monitored onsite wells NMW-3C and NMW-SC and 
Carr/Associates monitored offsite well 89.5. These wells are 
completed in Layer c. The time-drawdown data obtained from 
monitoring of these wells was evaulated using the Theis, 
Hantush-no storage in aquitard, and Hantush-storage in aquitard 
methods. The NMW-3C, NMW-SC, and 89.5 time-drawdown data sets 
were to fit the Hantush-no storage in aquitard type curve. As 
part of the evaluation the variable B was calculated. Bis one 
of the variables in the well function of Hantush, w(u,r/B). From. 
B the vertical hydraulic conductivity of the aquitard can be 
calculated as follows: 

~ 
8:= ✓~D 

where 

T = horizontal transmissivity of aquifer. 
bv = thickness of aquitard. 
Kv = vertical hydraulic conductivity of aquitard. 

RADXUS, r, FORM WBLL TAC-1A TO WELLS 

The radius or distance from well TAC-lA to wells NMW-3C, NMW-Sc, 
and 89.5 are as follows: 

r 3c := 5997-ft 

r Sc := 8831 ·ft 

r 89_5 := 6527.6-ft 



AQUITARD THICKNESS, bv 

,. 

The thickness of the aquitard,_ at wells NMW-3C, NMW-5C, and 89. 5 
is as follows: 

b v3c := 2•ft 

b vSc := 15•ft 

b v89.5 := 41-ft 

TDNSMZSSZVZTY, T 

The transmissivity of Layer Cat wells NMW-JC, NMW-5C, and 89.5 
as calculated using the Hantush-no storage in aquitard method are 
as follows: 

ft2 
T 3c := 6.29·-. 

min 

ft2 
T Sc := 20.37•-. 

min 

ft2 
T 89 s := 0.97•-. 

· min 

RATIO OF RADIUS TO B, r/B 

The r/B ratio of Layer cat wells NMW-JC, NMW-5C, and 89.5 as 
calculated using the Hantush-no storage in aquitard method are as 
follows: 

r3c 
B ·-3c .- -0.-51_5_2 

rsc 
8 sc:=--

1-10- 5 

8 ·= rag.s 
89·5 . 1.818 

/ 



VERTICAL HYDRAULIC CONDUCTIVITY, Ky 

Vertical hydraulic conductivity_ ,ca~culated based on results of 
Hantush-no storage in aqui tard res·u1 ts. 

T•b 
Kv:=-a 

92 
Kv equation 

T 3c·b v3c 
K v3c := ---2-

83c 

T 5c·b v5c 
Kv5c := ---2-

85c 

K __ T a9_5·b v89.5 
v89.5 -- 2 

8 ae.5 

Vertical Hydraulic Conductivities 

K v5c = 5.642•10-13 ._!!_ 
day 

-3 
K vS9.5 = 4.442•10 

ft ·-day 

NOTE ON WELL NMW-sc 

or 
K v3c = 4.717•10-e ._cm_ 

sec 

K O .cm 
v5c = sec 

-6 
K v89.5 = 1.567•10 

cm ·-sec 

It should be noted that the well NMW-SC data set was distorted by 
nearby recharge wells shortly after the start of TAC-lA pump 
test. The early un-distorted data was used for this analysis. 
Based on the vertical conductivity results it appears that 
un-distorted drawdown did not extend long enough to a establish a 
data set for calulation of leakance by the Hantush method. 
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